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Abstract 
In the present research project, buffalo and cow milk was screened for pesticide residues 
that belonged to organochlorines, organophosphates, pyrethroids and new chemistry 
groups. Feed and milk was also analysed for aflatoxin B1 (AFB1) and aflatoxin M1 
(AFM1), respectively. The correlation matrix explained that positive association exists 
between fat and residues of organochlorine and pyrethroid (Phase I). Considering the 
results of 1
st
 phase; pesticide residues exceeding their MRLs in first phase were taken into 
next 2
nd
 phase. In 2
nd
 phase dissipation behavior of pesticide residues in milk after 
pasteurization, cream separation (cream and skimmed milk) and dissipation of pesticide 
residues in cream during storage was analysed.  Farms were found contaminated with 
AFM1, AFB1 and 22 pesticide residues (belonged to 4 groups of pesticides under study). 
In AFM1 contaminated milk samples of dairy farms; out of 50 buffalo milk samples, 34 
milk samples exceeded the maximum allowed limit (0.05 µg L
-1
) while 24 cow milk 
samples exceeded the maximum allowed limit (0.05 µg L
-1
). The pesticide residues of 
cyfluthrin, deltamethrin, fenvalerate, permethrin, β-endosulfan and γHCH exceeded 
their MRLs in milk and were selected for 2
nd
 phase. Reduction behavior of pesticides 
during processing in pesticide fortified milk and milk with naturally secreted pesticide 
residues was analysed. Processing of milk (pasteurization, cream separation or skimming) 
reduced the pesticides residues in milk. Skimming has maximum dissipation effect on 
pesticide residues. Pasteurization and cream separation (in separated cream) has also 
reduced pesticide residues to some extent. Firstly reduction pattern was observed in 
pesticide fortified milk. Residues of β-endosulfan were dissipated maximum by 
pasteurization in pesticide fortified buffalo (28.9 %) and cow (23.6 %) milk. Cream 
separation (in separated cream) reduces highest residues of β-endosulfan (8.24 %) in 
buffalo cream and in cow cream maximum reduction of β-endosulfan (7.17 %) was 
observed. Fenvalerate residues (98.22 %) were reduced maximum in buffalo milk and in 
cow milk highest reduction of cyfluthrin residues (96.92 %) were found under skimming 
(in skimmed milk). In farm milk reduction was also studied and noted that residues of β-
endosulfan were dissipated maximum by pasteurization in buffalo (16.11 %) and cow 
(11.59 %) milk. Cream separation (in separated cream) reduces highest residues of 
cyfluthrin 8.69 % in buffalo cream while in cow cream maximum reduction of cyfluthrin 
(5.59 %) was calculated. The γHCH residues (96.78 %) were reduced maximum by 
skimming in buffalo milk while in cow milk highest reduction of β-endosulfan residues 
(98.46 %) was found. It was studied that storage progression reduced pesticide residues 
non-significantly in buffalo and cow pesticide fortified and non-fortified cream. Firstly in 
pesticide fortified cream dissipation of residues during storage was noticed; in buffalo 
cream maximum reduction in γHCH (2.55 %) was observed followed by β-
endosulfan, deltamethrin, fenvalerate, permethrin and cyfluthrin while in cow cream 
highest dissipation was found in fenvalerate (11.62 %) followed by cyfluthrin, 
permethrin, β-endosulfan, γHCH and deltamethrin during 60 days. Secondly residues 
dissipation in cream without pesticide fortification during storage was estimated; in 
buffalo cream the highest pesticide reduction was observed in β-endosulfan (2.25 %) 
followed by permethrin, fenvalerate, deltamethrin, γHCH and cyfluthrin while in cow 
cream maximum reduction was observed in permethrin (2.85 %) followed by β-
endosulfan, γHCH, cyfluthrin, fenvalerate and deltamethrin. This study summarize that 
buffalo milk carries more pesticide residues as compared to cow milk due to higher fat 
content. AFM1 was observed higher in farms milk having high level of AFB1 in feed. 
Skim milk contain minimum pesticide residues as pesticide residues under study in 2
nd
 
phase were lipophilic and were removed maximum with cream.  
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CHAPTER 1 
INTRODUCTION 
Milk is nearly an immaculate natural food consumed comprehensively round the 
globe for all phases of life as it contains a good source of protein, fat and major minerals 
and serves as a source of energy (Mather, 2000). Milk is given to new born babies as it 
contain all essential nutrients required for their proper growth before they are capable 
to intake solid food. Milk is universally used in the initial phases of life and equally 
important for all age groups (infant, adolescents, adults), therefore its contamination by 
contaminants is of extreme apprehension (Goulart et al., 2008).  
To assure the purity of milk prodigious strides are taken by milk 
producing/exporting countries. Milk contamination with various chemicals raises new 
threat of possible toxicological impacts of contaminants on a newborn‟s immune systems, 
developing nervous and reproductive organs. Infants can be at more risk of adverse health 
effects as compared to adult after exposure to contaminant because of their physiological 
characteristics and weak immune system. 
Therefore, besides countless benefits of milk, it also bears the paramount potential 
for leading contaminants (like pesticides residues and aflatoxin) to the human‟s diet. 
Many previous studies have proved the evidences of likely perilous human acquaintance 
of pesticides residues and aflatoxin M1 through milk (Martinsa et al., 2013; Sassahara et 
al., 2005; Unusan, 2006). As milk consumption is reasonably high by human race, 
principally among the children, therefore risks of milk contamination with pesticides 
residues and aflatoxin (AFM1) are also increasing and constantly posing threats for 
consumer‟s health.  
In Pakistan, in the national agenda of economic development and milk production, 
the livestock contribute a significant share and occupies a distinct position. Pakistan is 
blessed with high yielding milch animals (Tipu et al., 2007). Pakistan is enjoying fourth 
position among milk producing countries of the world behind India, China and USA 
(Iqbal et al., 2011). Regarding buffalo milk production Pakistan ranks second in the world 
(Hussain et al., 2010). At small scale level, small farmers mainly contribute towards total 
milk production in the country. They do not have adequate conditions for the storage of 
feed/forage on their dairy farms due to economic constraints. They are using different 
kind of pesticides on fodder as protection agent against pests, ultimately these pesticides 
residues become part of the animal body and secreted in milk. The conditions at small 
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scale farms often do not meet the prescribed standards. This dilemma leads to the 
incidence of presence of mycotoxins and other contaminants in the feed/fodder which 
ultimately pass onto the milk (Garcia et al., 2003). The presence of pesticides residues 
and aflatoxin in milk is alarming situation for all governing authorities and milk 
producing/processing companies.  
Aflatoxin M1 is transfered to milk mostly through feed. A linear connection has 
been perceived relating the level of aflatoxin M1 in milk and animal‟s consumption on 
aflatoxin B1 contaminated feed (Fallah et al., 2011). Nearly 0.3 to 6.2% of AFB1 from 
the feed is passed on to the milk as AFM1 (Pei et al., 2009). After approximately 12-24 
hours of aflatoxin B1 ingestion the aflatoxin M1 starts appearing in milk (Rahimi et al., 
2010). The concentration of AFM1 in the milk reduces to an untraceable level within 72 
hours if the contamination source is withdrawn (Sassahara et al., 2005).  
AFM1 is related to the prevalence of many kinds of cancer. This has pulled the 
international apprehension over the food contamination with AFM1 (Turner et al., 2003; 
Gong et al., 2004). International Agency for Research on Cancer (IARC), in 1987, 
declared aflatoxins as cancer causing for human (human carcinogens). The 
carcinogenicity of aflatoxin M1 seems to be alike or somewhat less than that of AFB1, 
nearly 2-10% that of aflatoxin B1 (IARC, 2002; Asi et al., 2012). In order to decrease the 
menaces, firm monitoring limits are currently implicated. European Commission has 
established 0.050 µg L
-1
 maximum residual limit (MRL) of aflatoxin M1 in milk to 
regulate its level (EC, 2010). 
The other apprehension is about pesticide residues in milk which find their way to 
milk through various paths. In order to control pests, different synthetic chemical 
treatments are given in intensive agriculture for crops known as pesticides. In pre-harvest 
treatment herbicidal and insecticidal pesticides are largely in use, for postharvest 
rodenticides are commonly employed. Active ingredients in these pesticides can 
accumulate in animals from plants. This will lead accumulation of pesticides residues in 
food products from animal origin (LeDoux, 2011). To safeguard end user and to endorse 
craft, MRLs (maximum residue levels) have been recognized for deposits of pesticides 
use on produce of plant and animal that is intended for man or animal intake (Dagnac, et 
al., 2009).  
Lactating cows and buffalos like other animals may be exposed to pesticides from 
feed with contamination; pesticide residues can be accumulated in various parts of body 
including milk. However, pesticide application to the animal‟s body or their use in the 
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animal shed, or even in the milk processing locations can also be a path of their exposure 
to pesticides and contamination to milk (Bogialli et al., 2004). Presence of pesticide 
residues in different food item has been reported round the globe. In developing 
countries, pesticide residues were detected exceeding their MRLs in some food items 
including milk. In Pakistan presence of pesticide residues has been reported in various 
foods like milk, feed, cottonseed, different fruits, vegetables and fish meal at different 
intervals (Parveen et al., 2004, 2005; Hussain et al., 2002; Munshi et al., 2004; Saqib et 
al., 2005; Randhawa et al., 2007). 
Processing and storage has reducing effect on pesticide residues in milk and milk 
products. Milk processing; pasteurization, sterilization and UHT dissipated pesticide 
residues to some extent but did not has any significant effect on the reduction of pesticide 
residues content in milk destined for consumption. In a study it was reported that different 
heat treatments including pasteurization, boiling and sterilization reduced residual content 
of lindane upto 65.0–73.0, 75.0–85.4, and 84.4 %, respectively in milk (Abou-Arab, 
1999). Abou-Arab (1997) has reported that DDT levels was reduced upto 40.6 % after 
processing of DDT contaminated milk into Ras cheese. Heat treatment such as 
pasteurization, sterilization and manufacturing process of milk into cream, butter, samna 
and yoghurt dissipated pesticide residues. 
Pesticides exposure to human via food or any other source can result in adverse 
health effects. Pesticide poisoning leads significant indisposition and death round the 
globe as reported in previous studies. It is estimated that annual incidence rate in 
agricultural workers is 18.2 per 0.1 million to field labors and 7.4 per million youngsters 
in developing countries. Pesticides have been regulated, regarding their safe use in 
developed countries (Bolognesi and Merlo, 2011). Unfortunately no rules and regulation 
regarding use of pesticides are implicated in developing countries.  
In a case study in Tanzania it was reported that skin problems and neurological 
system disturbances (dizziness, headache) are pesticide correlated health symptoms 
(Ngowi et al., 2007). It was reported that in persons closely related to farming near 
Karachi-Pakistan were complaining about liver and kidney dysfunctions and (response to 
intervention) RTI (Azmi et al., 2006).  
Very serious concern about pesticides and aflatoxins is found all over the world. 
To alleviate effect of pesticides and mycotoxins efforts are in progress. Some of these 
pesticides have been banned in most of countries due to their persistence in environment, 
but still their residues are present in milk and directly or indirectly have effect on human 
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health. Pesticides residues in milk are screened by different methods. GC and HPLC are 
one of the authentic methods for screening of pesticide residues. Aflatoxins are studied by 
HPLC technique following extraction. 
In developing countries, condition is very adverse regarding food safety standards 
especially in use of pesticides on crops, fodder and animals. Due to low management 
systems farmers are free to use even banned pesticides on crops and feeding animals with 
contaminated fodder and water. There is need to check the level of contaminants in food 
products especially milk, which will be helpful in regulating rules and laws to meet food 
safety standards. To meet the need of the project the research work was designed on 
following hypothesis: 
Pesticide residues and aflatoxins may transfer in milk via fodder/feed. Processing 
may have reduction effect on pesticide residues in milk.  
Objectives 
If we look into past it will reveal the scarcity of the study on the assessment of the 
incidence of pesticides and AFM1 in feed and milk in Pakistan. So, it is of utmost 
importance to investigate incidence of pesticides and aflatoxins in milk and feed. This 
study has been designed to screen aflatoxin M1 in milk and B1 in feed with following 
objectives: 
 To screen the level of pesticide residues and aflatoxins in milk 
 To compare the level of pesticide residues and aflatoxins with their maximum 
residual limits (MRLs) 
 To explore the fate of pesticide residues during processing of milk 
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CHAPTER 2 
REVIEW OF LITERATURE 
Milk is essential for human health as it provides nearly all nutrients that body 
needs but milk is also considered as a source of excretion of some toxic compounds 
(pesticides) which are excreted by simple diffusion, if the animal feed is contaminated. 
All substances basic, soluble and insoluble in organic solvent can be transferred to milk 
after several paths. These compounds are toxic in nature and can have adverse effect on 
cattle body as well as human body. 
Milk contains about 3-4% lipids depending on mammal excreted milk, lipid-
soluble toxicants can diffuse into the mammary gland and thus can be present in milk. 
Pesticides are mostly fat soluble which make milk a best solvent for them as it contain 
considerable portion of fat and capable of dissolving other environmental contaminants. 
There are number of ways that make pesticides and aflatoxins part of the animal tissues 
includes dipping done for deworming, feeding on contaminated fodder or contaminated 
drinking water. In this chapter use of pesticides, toxicity of pesticides, pesticides residues 
in milk, aflatoxin in feed, milk and effect of processing on pesticide residues has been 
reviewed. 
3.1. Use of Pesticides 
Pesticides are used to control pests, to protect crops/fodder from damage and to 
maximize crop yield. Most of pesticides are banned as they contain toxic compounds 
which are of great concerns for human health. The presence of pesticide residues in food 
chain is due to their persistence nature. Different groups of pesticides were used or in use 
include organochlorine pesticides, organophosphorus pesticides, synthetic pyrethroid, 
carbmate and new chemistry (Nida et al., 2009). Organic farming is becoming most 
popular around the globe but in most of developing countries, even banned pesticides are 
used on large agricultural area. According economic survey of Pakistan in 2012-13, 
12665 ton pesticide was imported costing country almost 5331 million rupees and more 
than 30,000 ton of pesticides are locally manufactured. Pesticides in Pakistan are used in 
most of field crops which is alarming situation for presence of their residues in food chain 
(Tariq et al., 2007). 
3.2. Toxicity of pesticides 
Classification of pesticides according to WHO standards identified extreme toxic 
pesticides (e.g parathion), highly toxic (dichlorvos), moderately toxic (malathion) and 
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less toxic ones. These Pesticides have a wide range of octanol-water partitioning 
coefficient (Kow, log P) values (-0.8, -6.6), which results in a variety of storage and 
transport patterns in human bodies (Whereas log P value is known as a measure of 
lipophilicity). They may move from the storage sites (e.g fat bodies) via partitioning to 
other parts of the human body. A pesticide with high Kow log P value (hydrophobic) such 
as fenvalerate can be stored in fat containing particles and be released in milk secretion 
exposing fetus, mother, and infants to health risks. A satisfactory solution to these 
problems is the implementation of restriction measures and the performance of frequent 
pesticide residue analysis of food samples. 
Organophosphate pesticides residues can damage the placenta cells. Pesticides 
residues in the placenta, associated with the modification of both pro-inflammatory and 
anti-inflammatory cytokines, and the stimulation of enzymes related for cell propagation 
and tissue repair (Bulgaroni et al., 2013). Organochlorine group of pesticides are most 
persistent and lipophilic in nature and can damage environment, lethal to human and other 
living creatures. Due to their long half live most of pesticides from this group have been 
banned but still traces of their residues can be found in foods (Farrington and Takada, 
2014). 
3.3. Pesticides residues in milk 
Pesticides residues in milk reported by different scientist round the globe. 
Organochlorine, organophosphate, pyrethroid and new chemistry residues (Fig. 2.1, 2.2) 
in milk has been reviewed in this section. 
3.3.1. Organochlorine residues in milk 
These contaminants have a highly constant, lipophilic nature, non-polar, low 
volatile and as a result show significant environmental persistence with inclination to bio 
hoard, leading to the contamination of food, feed stuff and particularly those with more 
fat content (Fontcuberta et al., 2008). Organochlorine pesticide like -DDE; p,p-DDT, 
lindane, endosulfan dieldri, aldrin and heptachlor groups, very useful for control of 
several types of pests, were extensively used all around the world for efficient agriculture 
and to increase animal productivity until these were banned by developed countries in late 
1970s  (UNEP, 2004).  
Organochlorine pesticides were analysed by gas chromatograph in fresh milk 
samples taken from Kampala markets. The average concentration in the fresh milk was 
0.025 mg/kg, 0.002 mg/kg, 0.007 mg/kg, 0.009 mg/kg for lindane, endosulfan, dieldrin 
and aldrin on milk fat basis, respectively.  
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Acetamiprid 
Imidacloprid 
Profenofos 
Chlorpyripho
s 
DDT (Dichlorodiphenyltrichloroethane) 
Fig 2.1. Chemical structure of Pesticides 
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Cyfluthrin 
Deltamethrin 
β-Endosulfan 
Fenvalerate 
Permethrin γ-HCH 
Fig 2.2. Chemical structure of pesticide residues 
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The mean concentrations of p,p-DDE; p,p-DDT and DDT were 0.009 mg/kg, 0.033  
mg/kg and 0.008  mg/kg, respectively in the fresh milk samples (Kampire et al., 2011). In 
Mexico, a study for screening the 16 organochlorine pesticide residues (OPRs) was 
conducted. Organochlorine pesticides residues were found below the detection limit. 
Overall concentrations of organochlorine pesticides were greater in the wet season (3.37 
µg/Kg and 4.79 µg/Kg) than the dry season (1.92 µg/Kg and 2.71 µg/Kg) (Gutierrez et 
al., 2012).  
Milk was analysed after feeding cattle HCH for 28 days at 50mg/day, HCH level 
was increased soon after dosing with HCH by Nath et al. (2000). This study showed that 
direct exposure of pesticide to animal increased the level of pesticide residues in milk. In 
a case study of endosulfan pesticide residues in cattle analysed by gas chromatograph, the 
level of endosulfan in milk was low and half-life was restricted to less than 4 days (Braun 
and Lobb, 1976). Carry over effect of heptachlor (epoxide) was studied from feed to milk. 
It was observed that its carry over effect varies between 0.5 to 5% from feed to milk when 
cows were fed with it at 0.005-0.3 mg/kg feed for 20 days (Bluthgen, 2000).  
Luzardo et al. (2012) reported that both conventional and organic milk contain 
organochlorine residues. In Spain 10 organic and 16 conventional brands milk samples 
were collected from market for analysis of OCs and (Polychlorinated biphenyls) PCBs. It 
was concluded that both types of milk contain hexachlorobenzene and trans-chlordane 
residues with organic type has lower residues than other. These residues were low than 
MRL as set by EU and International Agencies. In a study conducted for organochlorine 
pesticide analysis of milk of different species in Afyonkarahisar province of Turkey, 
reported that cows, buffalo‟s, and sheep‟s milk samples were contaminated with 21 
different types of pesticides.  Sheep‟s milk was contaminated with 16, buffalo‟s 14 and 
cow‟s milk with 11 types of pesticides. β-HCH was most dominant in all types of milk 
with total level of it 243.8 mg/kg, 151.02 mg/kg, 133.38 mg/kg in sheep, cow and 
buffalo‟s milk, respectively. Some of these pesticides were higher than MRL established 
by EU authorities (Bulut et al., 2011). 
Ashnagar et al. (2009) analysed 35 milk samples for pesticides from market of 
city Ahwaz, Iran.  It was analysed after extraction from lipid phase followed by clean up 
and analysis on HPLC-UV. All samples were contaminated with pesticide residues, but 
Lindane and DDT were found above than their MRL recommended by FAO/WHO. 
Mocanu et al. (2012) analyzed 108 raw milk samples collected from containers received 
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at handling facilities from countryside areas in eastern and northern states of Romania 
from January to December 2010. Detection and quantification of the organochlorine 
residues (γ-HCH, α, β-HCH and total DDT) were determined by using a gas 
chromatograph outfitted with a Ni
63
 ECD. Levels of OCPs residues in all analyzed 
samples were lower than the acceptance levels. In 85 % samples γ-HCH and in 93.5% 
samples α & β-HCH was less than the detection limits (8.0 µg Kg-1) and in 85 % samples 
residues of DDT was in between < 5.0- 6.8 µg kg
-1
. 
Thirty six samples of bovine milk were collected from Chiapas State, Mexico 
between January 2011 and December 2011 with the intention of identifying and 
quantifying organochlorine pesticide residues in organic farms. The analyses were done 
by using GC-ECD (Ni
63
). In general, values found in raw milk were lower than the 
permissible limit proposed by FAO/WHO/Codex Alimentarius 2006. Average 
concentrations for α and β-HCH were 3.62 µg kg-1, γ-HCH 0.34 µg kg-1, 
heptachlor & epoxide 0.67 µg kg
-1
, DDT and isomers 1.53 µg kg
-1
, aldrin & dieldrin 0.77 
µg kg
-1
, and endrin 0.66 µg kg
-1
. The organic milk from Chiapas has shown low 
concentrations of pesticide residues in recent years and satisfies international and national 
regulations for commercialization (Gutierrez et al., 2012).  
Six organochlorine pesticide residues (dielderin, DDT, endrin, heptachlor epoxide, 
heptachlor and lindane) in milk samples were analyzed by using HPLC to study the 
degree of environmental contamination. 40 cow milk samples collected from Egypt in the 
period from June to December 2002. The study results revealed that 82.5 % samples were 
polluted by one or more of the inspected organochlorine pesticides. The average 
concentration of heptachlor, DDT, heptachlor epoxide and dieldrin complex was 57.5 µg 
kg
-1
, 100 µg kg
-1
, 53 µg kg
-1
  and 127 µg kg
-1
, respectively (Dawood et al., 2004). 
Waliszewski et al. (2003) analyzed 150 milk samples of cow‟s each year in 1998 and 
2001 collected from tropical regions of Mexico. The obtained results indicate that β-HCH 
is one of the main pollutants (106-87 µg kg
-1) followed by p, pʹ-DDT (78-37 µg kg-1) on 
fat basis. The o, pʹ-DDT and HCB were identified in lower concentrations (8-6 µg kg-
1
and 31-10 µg kg
-1
), respectively on fat basis. When relating the results, it was 
distinguished that levels of DDT decreased considerably in 2001 as a result of the 
replacement of the organochlorine pesticides with pyrethroids sprayed by the Mexican 
Ministry of Health to combat malaria since 1999. 
Pardio et al. (2003) studied the magnitude of HCH and DDT pollution of bovine 
milk from the central tropical region of Mexico as the chemicals are broadly used in 
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livestock as well as public-health programs. They recorded that among residues analyzed, 
the samples of milk collected from Tlalixcoyan showed a mean level of γ-HCH with 128 
µg kg
-1
, which was meaningfully greater than residues from Medellin and Paso San Juan 
i.e. 49 µg kg
-1
 and 22 µg kg
-1
. The mean concentration level of p, pʹ-DDE in samples of 
Medellin (39 µg kg
-1
) was meaningfully greater than in Paso San Juan and Tlalixcoyan 
i.e. 18 µg kg
-1
 and 24 µg kg
-1
 milk samples. The p, pʹ-DDT mean concentration level 
from samples of Medellin milk (89 µg kg
-1
) was meaningfully greater than the levels 
identified in the other two areas. The greatest mean sigma-DDT concentration level 
identified in Medellin samples (146 µg kg
-1
) was 3 times than FAO/WHO recommended 
levels. The cattle exposure to DDT and HCH results in higher levels in dairy milk 
samples. Costabeber et al. (2001) collected 10 milk samples from commercial 
establishments in Santa Maria, Brazil, and analyzed for levels of organochlorine pesticide 
residues. The frequency, concentration range (µg kg
-1
fat) and mean level in positive 
samples, respectively were as follows lindane 30% , 0.009-0.043 and 0.024; HCB 20% , 
0.003-0.006 and 0.005; p, p'-DDE 20% , 0.010-0.105 and 0.058 and finally heptachlor 
epoxide 10%, 0-0.019 and 0.019. Pesticide levels in all detected milk samples were below 
FAO and EU maximum residue limits. 
Organochlorine pesticide residues (aldrin, α-endosulfan, β-endosulfan, p,p′-DDE, 
o,p′-DDT and p,p′-DDT) were screened in milk of buffalo and goat in Ethopia. Aldrin 
residues 11.6 μg kg-1 were detected only in milk sample of cow and α-endosulfan residues 
in goat milk sample at a level of 142.1 μg kg-1 and in cow milk sample (47.8 μg kg-1) in 
same region (Deti  et al.,  2014). Residual level of organochlorine residues (DDT, DDE, 
DDD, γ-HCH) in the milk fat of farm animals (cow‟s, sheep‟s and goat‟s) was analysed 
in Poland by gas chromatography. All analysed samples were found contaminated with 
the residues of chlorinated hydrocarbons. The results varied depending on the animal 
species as well as the places of sample collections. The maximum residual level of γ-
HCH and ΣDDT was determined in cow‟s milk (22.75; 53.12 µg kg-1 of fat, respectively). 
The minimum residual level of γ-HCH and ΣDDT was observed in sheep‟s milk (0.25; 
5.94 µg kg
-1
 of fat, respectively). All samples were below the maximum residual limit 
(Pietrzak-Fiećko et al., 2014). 
3.3.2. Organophosphate residues in milk 
Organophosphorus pesticides (OPPs) include acephate, diazinon and 
chlorpyriphos, etc and used in agricultural practices, may results in toxic effects to 
animals and humans. EU authorities have established Maximum Residue Limits (MRLs) 
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for OPPs (EU Regulation, 2008). Organophosphate residues can become part of an 
animal by numerous ways: through contaminated pasture, feed or fodder or forage. The 
animal can uptake pesticide residues by inhalation, ingestion or dermal absorption and 
finally secreted in milk (Gazzotti et al., 2009). There are a number of studies has been 
carried out in all over the world to determine pesticide residues in milk using different 
methods (Cardeal and Paes, 2006 and Mishra et al., 2010). 
 Milk samples collected form supermarket and analysed for OP pesticide 
residues by GC-FPD. Almost 39.6% of the 96 collected samples showed contamination 
with OP pesticide residues. Eight milk samples were above the MRLs ranging between 
5.1 and 20.3 µg kg
-1
 (Salas et al., 2003). An experiment was conducted on 4 dairy 
buffaloes. Organophosphate pesticide residues were determined after spraying with 
diazinon solution. Cow with more body weight showed higher residues and highest 
residues level 586 µg kg
-1
 was observed. (El-Kholy et al., 2000). 
 Organophosphate pesticides residues of chlorpyrifos, methyl parathion, 
fenitrothion and ethion in milk were screened by GC-MS. They quantified 
organophosphate residues in range of and 6.5-32.9 μg L−1 and detection limit was in 
range of 2.16-10.85 μg L−1 (Rodrigues et al., 2011). A study carried out by Pagliuca et al. 
(2006) in which quanatification of OPPs (acephate, chlorpyriphos, chlorpyriphos-methyl, 
diazinon, methamidophos, methidathion, phorate, pirimiphos-methyl) was done by using 
GC-NPD. Out of 135 samples, 37 samples were found contaminated and 10 samples were 
detected in range of 5-18 μg Kg−1. Acepahte and chlorpyrifos were main residues in milk 
but were below maximum residues limit. 
 Milk samples were extracted by liquid-liquid partition cleaned up using alumina 
column and the residues were quantified with HPLC. Out of 170 milk samples 8 samples 
showed chlorpyrifos residues with the mean concentration of 0.092 μg mL-1 above the 
prescribed maximum permissible limit (MRL) of 0.02 mg kg
-1 
(Karabasanavar and Singh, 
2012).  
3.3.3. Pyrethroid and carbamate residues in milk 
Synthetic pyrethroid pesticides are effective broad-spectrum insecticides. These 
are becoming a potential source of human exposure through foodstuffs (Stefanelli et al., 
2009). Maximum residue limits for pyrethroid pesticides have been set by several 
organizations, including the FAO/WHO and the EU Council (EU Regulation, 2008). 
Carbamate pesticides and pyrethroid residues are used for broad-spectrum insect control 
around the world. The Canadian authorities recently initiated a project to re-quantification 
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of exposure of population to these substances through food (Rawn et al., 2006). In the 
EU, MRLs have been established for carbamates (LeDoux, 2011).  
The pyrethroid residues were quantified by liquid–liquid extraction without fat 
removal. The recovery study was carried out that showed 93.0% recovery for 
cypermethrin and 84.0% for deltamethrin. The quantification limits were 0.75 μg L-1 for 
both pyrethroids. After validation and optimization, this method was used for the 
screening of pyrethroids cypermethrin and deltamethrin in milk. Samples with 
contamination were below maximum residual limits established by the FAO (Goulart et 
al., 2008). Milk samples were analysed for pyrethroid residues of deltamethrin, 
cypermethrin and cyhalothrin. Milk samples were collected for 35 days with interval of 
every 7 days after dermal application. The residues of deltamethrin, cypermethrin and 
cyhalothrin were found maximum on the 1
st
 day after application (Bissacot and Vassilieff, 
1996). Cow milk collected from urban farms was found contaminated with cypermethrin 
and all milk samples were below MRL Alvarez et al. (2010). 
Milk sample collected from cotton growing belts of Pakistan were analysed for 
pyrethroid residues by HPLC. Out of 150 samples, 70% were found contaminated with 
pesticide residues. Among residues bifenthrin (1680 µg kg
-1
) was highest followed by 
permethrin (1240 µg kg
-1
) and the mean residual for deltamethrin was 210 µg kg
-1
. They 
reported that samples were found contaminated with cypermethrin, bifenthrin, permethrin 
and deltamethrin  at rate of  23%, 21%, 18% and 7%, respectively (Aziz ul Hassan et al., 
2014). Pyrethroid residues were determined by GC-ECD after solid phase extraction of 
sample. Commercial milk (3.6% fat content) was spiked with solutions of cyphenothrin, 
cyfluthrin, deltamethrin, lambda-cyhalothrin, permethrin and alpha-cypermethrin at levels 
ranging from 40 to 410 µg kg
-1
 for the different pyrethroid pesticides residues. They 
found recoveries were in the range 60-119% for the different pyrethroid pesticides, with 
relative standard deviations from 2.5 to 14.4% (Di Muccio et al., 1997).   
Deltamethrin was given to cattle and it was concluded that depletion of 
deltamethrin pesticide in milk was rapid when its cessation to dairy cattle (Akhtar et al., 
1992). Deltamethrin was given orally and by pour on application, there was no significant 
detection of its residues in milk. (Venant et al., 1990). It was also checked after dermal 
application, there was no detection in milk. Roothwell et al. (2001) quantified 
cypermethrin residues and found milk samples contaminated with mean of 15 µg Kg
-1
 in 
the milk samples of dairy cattle. They found that contaminated diet is main source of 
cypermethrin excretion in milk. 
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3.3.4 New chemistry residues in milk 
Milk was analysed for four nicotinoid insecticides (new chemistry pesticides) 
acetamiprid (ACT), thiamethoxam (TMX), imidacloprid (ICL) and thiacloprid (TCL) in 
milk. Pesticide's screening was performed by High Performance Liquid Chromatography 
equipped with diode-array detector. Average recoveries of the 4 pesticides were between 
85.1 to 99.7% in bovine milk samples at spiking levels 10, 50 and 100 µg kg
−1
. 
Acetamiprid, imdiacloprid, thiacloprid and thiamethoxin were screened 34.8, 8.5, 17.8 
and 9.4 µg kg
-1
, respectively (Seccia et al., 2008). 
Human can be exposed to pesticide residues in several ways i.e. direct contact, air, 
water and food. Pesticide residues are great concern to human health (Iftikhar et al., 
2014). Pesticides contaminated feed/fodder or water can transfer pesticides to animal 
bodies which are ultimately secreted in milk (Decastelli et al., 2007).  Milk contains fat 
that can stores pesticide residues and carries to end consumer. There is need to monitor 
pesticide residues level in milk to estimate population exposure to these contaminants. So, 
Phase I of this study was planned to screen level of pesticide residues in milk in different 
farms. 
3.4. Aflatoxins in feed and milk 
In this section aflatoxin B1 in feed and aflatoxin M1 in milk has been reviewed. 
3.4.1. Conversion of AFB1 to AFM1 
Milk is essential for human health and being used as source of human food since 
the recorded history but it is also considered as a source of some toxic compounds 
(pesticides, aflatoxin M1) contamination if lactating animal(s) is fed on the contaminated 
feed. Pakistan, in general, has favorable climatic conditions for the growth of toxigenic 
fungi which can contaminate the animal feed that results in occurrence of AFM1 in milk 
(Paterson, 2007; Iqbal et al., 2011). After consumption of aflatoxin B1 via feed, a fraction 
of it is degraded in dairy animal‟s rumen. Until its secretion in the milk, bile or urine, the 
aflatoxin M1 circulates in the blood as it is a stable compound. So, the carry-over of 
AFM1 in the milk is of great importance for investigation. Numerous previous studies 
have been carried out to explore the carry-over of AFB1 from feedstuff to milk as AFM1. 
These studies have shown significantly variable results. The transfer percentage of the 
consumed AFB1 to AFM1 in milk varies from 0.18 to 3.94% (Applebaum et al., 1982; 
Van Egmond, 1989). 
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After 1985 a large volumes of reports have been published on carry-over effect of 
aflatoxins in different food commodities. The most important among these reports are 
those of Price et al. (1985); Frobish et al. (1986); Munksgaard et al. (1987); Fremy et al. 
(1988); Harvey et al. (1991). The carry-over values in these studies were 4.07, 2.3, 3, 
0.32, 1.54, 2.60, 0.63, 6.20, 2.7, and 0.53 respectively. These studies showed variations of 
carry-over of aflatoxin from 0.3 to 6.2 % (Pei et al., 2009). Pettersson et al. (1989) and 
Veldman et al. (1992) reported the highest carry-over of 2.6 % and 6.2 % in cattle study 
was carried out in Sweden and Netherlands, respectively. 
3.4.2. Aflatoxin B1 in feed 
Ayar et al. (2007) assessed 48 feed samples and 48 raw whole milk samples to 
evaluate the existence regarding AFB1 and AFM1 contamination in samples, 
respectively. In feed and milk samples the positive rate of contamination was reported to 
be as 24%. In general, 15 samples of feed (31.25%) and 20 samples of raw whole milk 
(41.67%) surpassed limitations set by European commission (EC) and Turkish Food 
Codex. The study revealed that feed as well as whole milk samples collected from this 
region constitute likely danger for the human health. Decastelli et al. (2007) assessed 
samples of animal feed and cow‟s raw whole milk in 2004-2005 in Northern Italy. The 
occurrence regarding AFM1 in whole milk as well as AFB1 in feed was found more than 
the allowed restriction limit in 8.1% of feed samples and in 1.7% of cow milk samples. 
Throughout 2005, the aflatoxins existence remained beneath the limitations of European 
Union laws. In this investigation ELISA was applied as verification test and the positive 
samples were further analyzed by HPLC techniques. 
Duarte et al. (2013) studied the presence of aflatoxin M1 in whole milk being sold 
in Portugal market and determined the amount of the contaminant. Assessment of 
aflatoxin B1 in feedstuffs had also been targeted. 40 samples of pasteurized and UHT 
half-skimmed milk were analyzed. Concentration of aflatoxin M1 was evaluated by 
means of ELISA (Enzyme Linked Immunosorbent Assay) technique. 11 samples (27.5%) 
had the level of contamination of aflatoxin M1 higher than the mentioned detection limit 
(mean 23.4 ± 24.0 ng L
-1
). AFM1 levels in couple of whole milk samples (5%) were 
reported to surpass the maximum restriction limit (50 ng L
-1
). 1/3
rd
 of sample have 
showed significantly high concentration level of contamination. On an average adult diet 
exposure to the fungi toxins via whole milk ingestion had been estimated on 0.08 ng kg
-1
 
per body weight per day. The exposure was even undoubtedly larger for children, 
regarded as the main risk factor. The level regarding aflatoxin B1 in the feed taken in by 
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milch cows was assessed as 1.46 mg kg
-1
. These outcomes reported as to require further 
studies so as to distinguish and to control the likely impacting component (AFM1) where 
the samples of milk were reported having toxin above pre-established limit. 
Abdel-El-Fatah (2002) conducted a study to check the presence of aflatoxins in 
infant‟s milk powder samples (30) through diverse pharmacies in Kaliubia Governorate, 
Egypt. Thin layer chromatography (TLC) was used for the investigation regarding 
aflatoxins. The procured samples were assessed and analyzed for aflatoxins: AFB1, 
AFB2, AFM1 and AFM2. The results demonstrated the presence of aflatoxins as: AFB1 
(0.8 ppb), AFB2 (0.6 ppb), AFM1 (1.5 ppb) and AFM2 (0.0 ppb) respectively. The study 
had suggested that the strict measures should be taken to protect consumers against harms 
of AFM1 present in the milk. 
3.4.3. Aflatoxin M1 in milk 
A large number of surveys and studies have been conducted in various countries 
to find out incidence of AFM1 contamination in the milk due to its detrimental effects on 
human health. Therefore, it is the need of hour to explore the identification and 
quantification of AFM1 in milk at trace level. Many previous studies have been 
conducted in this regard to explore the level of AFM1 in milk. Lopez et al. (2003) 
undertook a survey in Argentina throughout winter to investigate AFM1 contaminant 
quantity in the whole milk, for the reason that acquaintance of AFM1 by children is an 
issue of great concern due to the fact that whole milk is a primary source of nourishment 
for children. The milk samples accumulated in winter weather were found to have AFM1 
but the degree of contamination level was lower than the proposed limitations. 
Nevertheless, it is necessary to take strict actions demanding the control of AFM1 in milk 
as this toxin is carcinogen for the people.  
Sadeghi et al. (2009) determined the contact of children and lactating mother to 
AFB1 by considering the AFM1 in breasts whole milk. The ELISA technique with some 
modifications was used for the investigation regarding AFM1 in breasts whole milk 
samples of women in Tehran, Iran. 157 out of 160 samples were found positive having 
AFM1 with average range concentration of 8.2 ± 5.1 ng kg
-1
 (range 0.3 - 26.7 ng kg
-1
). 
One sample having the concentration higher than the most tolerance restriction limit 
recognized by EU as well as US (25 ng kg
-1
). Fifty five samples had more concentration 
of aflatoxin M1 than maximum residual limit established by Australia and Switzerland 
(10 ng kg
-1
). 
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Chen et al. (2005) documented that sometimes animal feed had some quantity 
contaminant produced by Aspergillus which ultimately passes to milk in the form of 
aflatoxin M1. Affirmation regarding its existence was done by Solid-Phase Extraction and 
HPLC equipped with fluorescence detector. HPLC tandem mass spectrometry with 
negative spray ionization was used for the quantification of AFM1. Immunoaffinity 
columns and Mycosep
®
 multifunctional cleanup columns were compared for the 
effectiveness and cleanup efficiency. Mean recovery and detection limits regarding whole 
milk and low-fat whole milk cleaned up by IAC (78-87%) was considerably better than 
attained using MFC (0.59-0.66 ng L
-1
). The new method is better with respect to 
extracting speed, sensitivity and specificity. 
Buffalo and cow milk samples were analysed for AFM1 by HPLC. Although, out 
of 124 cow milk samples no sample was found contaminated with AFM1, 34 buffalo milk 
samples out 126 were contaminated with AFM1in range of 0.008 to 0.032 µg/L (Kara and 
Ince, 2014). Iqbal and Asi (2013) conducted a research with the basic target of 
investigation to explore the AFM1 in whole milk. They analyzed milk and dairy products 
samples using HPLC equipped with FLD- detector. The final outcomes revealed that 
AFM1 was present in 71% of whole milk samples and 58% samples had been observed 
having higher level of aflatoxin M1 concentration than the mentioned permissible 
restriction of European Union (50 ng L
-1
).  
Zheng et al. (2013) examined the AFM1 contamination in 153 UHT and 26 
pasteurized milk samples by ELISA. UHT milk samples (54.9%) were found 
contaminated with aflatoxin M1 ranging from 0.006-0.160 mg L
-1
. Furthermore, the 
analyzed pasteurized whole milk samples (96.2%) were found positive for AFM1 in the 
range of 0.023-0.154 mg L
-1
. All positive samples were found to have AFM1 
concentration far beneath the restriction limit of China (0.05 mg L
-1
). On the other hand, 
the AFM1 levels in samples of UHT milk (20.3%) and 65.4% of samples of pasteurized 
whole milk (65.4%) were reported to have greater concentration of aflatoxin M1 than the 
European Union restriction limit (0.05 mg L
-1
). 
Marnissi et al. (2012) carried out a survey for the existence of aflatoxin M1 in 8 
conventional dairies situated in four parts of Fez city, Morocco. The samples were 
assessed by LC-fluorescence detection soon after immunoaffinity refinement. AFM1 was 
detected in 13 out of 48 samples (27%) with concentration ranging between 10-100 ng L
-
1
. Within these positive samples, a number of samples (~8% from the total) had higher 
level of AFM1 than legal restriction limit of 50 ng L
-1
. The results concluded that 
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differences in the levels of contamination of milk samples from one market to another in 
different periods may be due to different feed serving routines and utilization of silage. 
Sadia et al. (2012) conducted study to screen the presence of AFM1 in whole milk 
as well as in other dairy products in Punjab, the key milk providing province of Pakistan. 
232 whole milk samples from market, small farms and large farms were collected. These 
samples were assessed for aflatoxin M1 employing ELISA technique. 76.3% and 97% of 
samples were found to have incidence rates of aflatoxin M1in the samples of milk. The 
average concentrations of AFM1 in milk and sweets were reported as 0.252 and 0.48 mg 
L
-1
. Contamination in 75 whole milk samples exceeded the maximum allowable limit. 
The final results suggested the area is continually unprotected against these types of toxic 
metabolites. Regulating process must be executed to regulate the toxins in whole milk and 
dairy products. 
Siddappa et al. (2012) designed a study for the analysis of 45 UHT milk samples 
of well-known brands, frequently available in the market to assess the existence of 
AFM1. Reversed phase HPLC technique equipped with FL detector was used for the 
detection after immunoaffinity columns cleanup of sample. UHT milk samples had been 
found positive for AFM1 contamination. 38% of the analyzed samples had greater levels 
than 0.5 µg kg
-1
, the maximum acceptable limit recommended by the Codex Alimentarius 
Commission. 62.5% of flavored UHT milk had the AFM1 level lower than the detectable 
degree 0.02 µg L
-1
. On the other hand, 12.5% of the samples also had the concentration 
exceeding beyond the most acceptable limitations. AFM1 was found in 61.6% raw whole 
milk samples assessed from Karnataka and Tamilnadu states ranging from 0.1-3.8 µg L
-1
. 
17.3% of the samples also surpassed the regulating limitations of the state. 
Asi et al. (2012) assessed 356 whole milk samples to find the levels of aflatoxin in 
milk during Oct. 2009-Sep. 2010 by HPLC with FLD detector. Limit of detection was 
0.004 mg L
-1
 and 92-97% recovery range of AFM1 was reported. AFM1 mean 
concentration was sensibly higher in the winter months of the year. Buffalo (55%), cow 
(56%), goat (32%), sheep (58%) and camel (27%) of whole milk samples collected in 
winter weather exceeded the European Union restriction limit, compared with 37, 33, 21, 
36 and 14% of summer whole milk samples, respectively. Buffalo (72%), cow (67%), 
goat (69%), sheep (71%) and camel (44%) milk samples, procured in the morning, were 
found to have higher percentage than the European Union restriction limit. 
Heshmati and Milani (2010) studied aflatoxin M1 contamination levels in UHT 
whole milk samples during May, Aug, Nov and Feb-2010 procured from food markets in 
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Tehran, Iran. ELIZA technique was employed to assess the incidence and concentration 
of aflatoxin M1 in the samples. Out of total 210 UHT studied samples, 116 (55.2%) 
samples were found positive for the presence of AFM1. The levels of AFM1 in 70 
(33.3%) samples were higher than the restriction limits of 0.05 µg L
-1
 set by EU. 
However, not a single sample was found to surpass limit recommended by the US. In 
February, the highest mean value (0.087 µg L
-1
) was found. The minimum mean value 
regarding AFM1 had been reported in August (0.021 µg L
-1
). Statistically results 
demonstrated significant difference (P< 0.01) among the concentration of AFM1 for the 
samples procured in February with May and August. The AFM1 occurrence of surpassing 
legal restriction in UHT whole milk samples (33.3%) was more in comparison with other 
countries. 
Polovinski-Horvatović et al. (2009) reported aflatoxin M1 as a possible 
contaminant regarding whole milk and dairy products. Aflatoxin M1 symbolizes an 
organic metabolite of aflatoxin B1. The study was conducted during 2007-2008. 90 milk 
samples were assessed for the existence of aflatoxin M1. 23 samples of raw whole milk 
produced on the small individual dairy farms as well as 67 samples of commercial whole 
milk were bought from native market. Analysis of the overall 23 samples of raw whole 
milk from small dairy farms showed that 30.4% of the observed samples were having 
greater concentration of AFM1 than the allowed legal limits. The examination of 
commercial business premises producing whole milk concluded that all 67 samples were 
contaminated with AFM1 comprising of 34 pasteurized whole milk as well as 31 UHT 
whole milk samples. Whereas, 20 (29.8%) samples of whole milk out of 23 small 
individual dairy farms samples were found positive with aflatoxin M1. 
Ghazani (2009) found that aflatoxin (AFM1) directly appeared in whole milk 
when the animal is fed on aflatoxin B1 contaminated feed. The objective of the 
investigation was to assess AFM1 contaminant in pasteurized whole milk samples. The 
ELISA technique was employed for this purpose. 50 pasteurized whole milk samples 
through diverse supermarkets were collected during six months (Jul-Dec 2008). AFM1 
was reported in 100% of the studied samples. 62% of the samples showed aflatoxin M1 
above the tolerance restriction limit of 50 ng L
-1
. It was resolved that aflatoxin level in the 
samples from Tabriz town seemed to be life threatening for consumer‟s health. To reduce 
level of aflatoxin M1 in whole milk, the feed for the animals must be handled routinely 
for aflatoxin as well as protected from fungal contaminants. 
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Dashti et al. (2009) assessed 321 whole milk samples including 177 fresh milk 
samples, 105 samples of long-life milk, 28 powder milk samples and 12 human milk 
samples. Moreover, to determine the overall aflatoxins 40 cheese and 84 feed samples 
were also analyzed. The samples were collected through Kuwaiti market places during 
the months of Jan 2005-Mar 2007. The ELISA approach was applied for the analysis and 
the results demonstrated that every fresh milk sample, with the exception of one, was 
toxified with AFM1 ranging from 0.0049 - 0.0687 µg kg
-1
. Among the toxified samples, 8 
samples were found to have higher level of aflatoxin than the European Union regulating 
restriction limit. 4 samples were found exceeding the restriction limit of European 
Commission. The powder milk had AFM1 contamination ranging between 0.0020 - 
0.0414 µg kg
-1
. Only 5 samples of human milk were found positively toxified with AFM1 
varying from 0.0088 - 0.0152 µg kg
-1
 with a mean of 0.0097 µg kg
-1
.  
Shundo et al. (2009) studied the existence of aflatoxin M1 in 125 samples of 
powder, pasteurized and UHT milk during Sept-Nov 2006. The regular consumption 
regarding AFM1 among the children of day-care centers and elementary schools was also 
investigated. Research regarding AFM1 had been done with HPLC-RP in conjunction 
with immunoaffinity columns. The limit of quantification (LOQ) was 0.01 µg kg
-1
 and 
AFM1 was present in 119 (95.2%) samples with the levels ranging from 0.01-0.2 µg kg
-1
 
and mean value concentration of 0.031 µg kg
-1
. It had been estimated that average daily 
intake regarding AFM1 was 0.001 µg per kg body weight on a daily basis for children 
and 0.000208 µg per kg body weight on a daily basis for adults. 
Lee et al. (2009) investigated AFM1 level in raw whole milk employing 
immunoaffinity column chromatography and HPLC with fluorescence detector. 100 raw 
milk samples were collected from 100 cattle farms positioned in about three provinces of 
South Korea. 48 Out of 100 raw whole milk samples had AFM1 on lower level (0.002-
0.08 µg L
-1
). The mean value was reported as 0.026 µg L
-1
. From the AFM1 toxified raw 
whole milk samples, 29 samples included only traces of AFM1 which were beneath the 
limit of quantification (LOQ) of 0.02 µg L
-1
. Not a single sample exceeded the maximum 
residual limit of 0.5 µg L
-1
 established by Korean rules for AFM1 in whole milk. The 
limit of detection (LOD) was reported as 0.002 µg L
-1
 and recovery analyze with 0.5 µg 
L
-1
 aflatoxin M1 in raw whole milk sample had been 96.3% (SD 3.6, n = 5). 
Hussain et al. (2008) determined the incidence of aflatoxin M1 in whole milk 
samples of cows as well as buffalos from diverse vicinities in the central regions of 
Punjab employing HPLC. 480 whole milk samples were examined, 360 samples of 
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buffalo whole milk as well as 120 samples of cow whole milk. AFM1 contaminant 
fractions for cow whole milk as well as buffalo whole milk were 52.5% and 42.5%, 
respectively. The mean concentration values regarding AFM1 were 0.027 µg L
-1
 for 
buffalo‟s whole milk and 0.044 µg L-1 for cow‟s whole milk. 
Tekinşen and Eken (2008) conducted a survey for the investigation of AFM1 in 
100 UHT whole milk as well as 132 samples of Kashar cheese. The samples were 
purchased from 5 massive urban centers: Istanbul, Izmir, Konya, Tekirdag and Edrine. 
ELISA methodology was employed for the AFM1 investigation. AFM1 was reported in 
67% UHT whole milk samples as well as in 82.6% samples of Kashar cheese. The 
presence regarding aflatoxin M1 in positive samples of UHT whole milk and in Kashar 
cheese varied from 10-630 ng kg
-1
 and 50-690 ng kg
-1
, respectively. Aflatoxin M1 
concentration in 31 (31%) UHT whole milk samples as well as in 36 (27.3%) Kashar 
cheese samples surpassed the tolerable restriction limit of 50 ng L
-1
 established by EC and 
Turkish Food Codex. They demonstrated the existence of high levels of AFM1 is harmful 
for human health; thus, whole milk as well as dairy foods must be monitored regularly for 
existence of AFM1 in dairy products. 
Tajkarimi et al. (2008) conducted a study during Feb- Aug 2004. 15 dairy farms in 
14 Iranian states were selected for the procurement of 319 raw whole milk samples during 
winter weather as well as the summer months. 54% of field samples showed the aflatoxin 
M1 contaminant. 0.057 µg kg
-1
 and ±0.014 were documented as sample mean 
concentration value and standard deviation (SD), respectively with 0.039 as sample 
median. 
Nachtmann et al. (2007) executed a study with the aim of evaluation of the 
incidence of AFM1 in whole milk collected from North Western Italian area, Piedmont. 
The study, executed through the fall of 2003- Sept 2005 during urgent situation 
circumstances which often came into being due to damage through climate problems in 
the summer 2003 during storage. The emergency situation resulted in the production of 
aflatoxin B1 in animal feed by fungi. AFB1 moved to milk as a metabolite form of 
aflatoxin M1. A total of 316 whole milk samples were collected and assessed for the 
presence of AFM1 using HPLC technique together with fuorimetric detection. The extract 
purification was done with the immunoaffinity columns. The final results suggested only 
2 non-conforming samples (0.6%), with limitations more than those prescribed in laws 
(0.05 µg L
-1
).  
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Ghiasian et al. (2007) performed a survey on the presence of AFM1 in summer 
and winter weather in raw whole milk samples through 93 conventional as well as 
business dairy farms from the Hamedan region to gather representative information about 
AFM1 in whole milk collected from these types of locations. 119 samples (63.97%), out 
of 186 whole milk samples, were found positively toxified with AFM1. The mean level of 
concentration regarding AFM1 in toxified samples had been reported as 43.4 ng L
-1
 while 
using lowest as well as highest levels of ≤ 10 and 410 ng L-1 respectively. Only 14 
(11.76%) toxified samples showed concentration level of AFM1 more than the maximum 
allowable limit in European Union laws (50 ng L
-1
). The AFM1 contaminant percentages 
regarding whole milk in summer as well as cold months of winter were found as 56.5 and 
71.7% respectively. 
Oliveira and Ferraz (2007) assessed 36 samples of pasteurized UHT and goat milk 
powder being marketed in Campinas (Brazil), for AFM1 contaminant through Oct-Dec 
2004 and Mar-May 2005. 25 samples were observed positive for AFM1 contaminant at 
the levels of 0.011- 0.161 µg L-
1
. The degree of aflatoxin M1 contaminant was beneath 
the tolerance restriction limit of 0.50 µg L-
1
 that implemented for AFM1 in whole milk 
by Brazil laws. The mean and standard deviation (SD) values of AFM1 in pasteurized, 
UHT and whole milk powder of goat were reported as: 0.072 ± 0.048, 0.058 ± 0.044 and 
0.056 ± 0.031 µg L
-1
, respectively. It was proved that the incidence of aflatoxin M1 in 
goat whole milk being sold in Campinas was high. 
Oveisi et al. (2007) studied the natural presence and concentration of AFM1in 
pasteurized milk and different milk products for the infants in Tehran, Iran. 328 branded 
dairy foods and liquid whole milk samples were collected. 128 pasteurized liquid whole 
milk samples, 20 baby formula samples and 80 milk-based cereal weaning foods samples 
showed the occurrence of 96.3% AFM1 contaminant. The existence of AFM1 regarding 
in each studied group samples was found as: 72.2 ± 23.5, 7.3 ± 3.9 and 16.8 ± 12.5 ng kg
-
1
 varying between 31-113, 1-14 and 3-35 ng kg
-1
, respectively. Normally the level of 
aflatoxin M1 in 100 (78%) samples of liquid whole milk and 24 (33%) samples of milk-
based weaning foods were above the tolerance restriction limit recognized by EC, while 
in every sample of baby formula it turned out under the EC agreed restriction limit of 50 
ng kg
-1
 for AFM1 in whole milk as well as 25 ng kg
-1
 in child dairy foods. 
Brukstiene et al. (2007) conducted a study to analyze the incidence and 
concentration of aflatoxin M1 in the raw milk and milk products prepared in Lithuania. 
The results of the study were compared with maximum acceptable limit for aflatoxin M1 
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in the milk (50 ng kg
-1
). Different districts of Lithuania were selected for the raw milk 
procurement through 2004-2007 winter seasons. Dairy foods samples were analyzed by 
ELISA technique during 2004-2006. 9 out of 149 raw milk samples were found 
contaminated with AFM1 with range of 5.2-7.9 ng kg
-1
. After analysis of 364 dairy foods 
samples, it was revealed that only 1 sample of pasteurized milk had 6 ng kg
-1
 
concentration of AFM1. 
Atanda et al. (2007) commenced a survey to examine the AFM1 contaminant in 
whole milk and in some products of milk in Nigeria. Aflatoxin M1 contamination was 
found in the range of 2.04-4.00 µg L
-1
 in whole milk as well as in ice-cream. Human milk 
samples (4.0 µg L
-1
), cow whole milk samples (2.04 µg L
-1
) and ice-cream (2.23 µg L
-1
) 
showed levels of concentration of AFM1 in Abeokuta.  
Tajkarimi et al. (2007) assessed raw whole milk samples collected during Apr 
2003-Feb 2004 from whole milk tanks in a dairy plan locating at 5 different locations in 
Iran. Samples of milk were chosen with 400 km apart considering a mean distance, where 
there were diverse ecologies (relative humidity, temperature etc.) and various agricultural 
items were used for animal serving. 24-25 milk samples per season were assessed for 
AFM1. The general mean concentration value of all the analyzed samples ranged from 
0.041-0.065 µg L
-1
. The adjusted mean value according to statistical variation was found 
as 0.039 µg l
-1
.  All the samples were below the permissible limit of aflatoxins 
concentration under Codex Alimentarius as well as FDA standard (0.05 µg L
-1
). On the 
other hand, level of AFM1 in whole milk collected from one area (Hamedan) was 
significantly minor (p< 0.05) in comparison with the other locations. 
Zinedine et al. (2007) studied 45 pasteurized milk samples in Morocco for the 
existence of AFM1 using HPLC equipped with fluorescence detector. The final outcomes 
demonstrated that 88.8% the analyzed samples showed presence of aflatoxin M1 as well 
as 7.4% were found to have higher level of AFM1 than the mentioned restriction limit of 
0.05 µg L
-1 
aflatoxin M1 in milk. The contamination levels regarding AFM1 in whole 
milk from the all 5 dairies were 77.7, 83.3, 90, 92.3 and 100 %, respectively with AFM1 
ranging from 0.001-0.117 µg L
-1
. The mean value regarding AFM1 was found as 0.0186 
µg L
-1
. 
Unusan (2006) made a study in central Anatolia, Turkey with the purpose to find 
out the aflatoxin M1 levels in UHT milk using ELISA technique. 129 samples of UHT 
whole milk were assessed. The mean concentration regarding AFM1 was observed as 
108.7 ng L
-1
. 68 samples (53%) were beneath the restriction limit regarding AFM1 in 
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whole milk acceptable by European Union. The left over 61 samples (47%) were found to 
have higher levels of AFM1 than the mentioned acceptable restriction limit. 4 samples 
surpassed the prescribed limit of USA. The study concluded that the AFM1 concentration 
in whole milk samples, being sold in Anatolia, was serious risk for human health. 
Moreover, education of dairy farmers by government on potential health risks is very 
necessary. 
Diaz and Espitia (2006) executed a survey to document the levels of AFM1 
contamination in retail store milk from Bogota, Colombia. From 2004 to 2005, 241 
samples were assessed by HPLC attached with FLD detector. The research demonstrated 
69.2 and 79.4% whole milk samples exceeded the mentioned limit of 10 ng L
-1
 by the 
state during 2004 and 2005, respectively.  In 2004, milk samples were found 
contaminated in range of 10.7-213.0 ng L
-1
 and in 2005, the range was reported as 10.6-
288.9 ng L
-1
. The study recommended on development of long term security programme 
for whole milk being consumed in Bogota and to ban the whole milk going into the 
foodstuff chain which contains AFM1 concentration higher than the mentioned regulating 
limit. 
Bognanno et al. (2006) tested 240 samples of sheep‟s milk for the presence of 
AFM1. The study was conducted during Oct-Jul 2000 by employing HPLC equipped 
with fluorescence detector. Aflatoxin M1 was present in 81% whole milk samples with 
variation from 2-108 ng L
-1
. 3 samples were found to have higher level of AFM1 than the 
mentioned appropriate restriction limit of 50 ng L
-1
. The mean contamination regarding 
AFM1 in whole milk samples purchased from ewes placed in stable (35.27 ng L
-1
) was 
found higher than the grazing ewes (12.47 ng L
-1
). The samples collected in Sept-Oct 
(42.68 ng L
-1
) showed that higher AFM1 contaminant levels in comparison with those 
collected during other months (10.55 ng L
-1
). The existing study resolved that AFM1 
contaminant found in ewe whole milk would not a life threatening hazard. Even so the 
security regarding AFM1 contaminant must be far steadier as well as endemic for ewe 
whole milk.  Due to the fact that ewe whole milk is solely utilized to formulate dairy 
products because of its larger proteins level and AFM1 provides preferential holding to 
help casein during coagulation of whole milk. 
Jasutiene et al. (2006) studied the fact that engineering factors regarding dairy 
commodities processing had an impact on the stability of AFM1. Milk powder was 
artificially toxified with AFM1 at different levels (0.31, 0.44 and 0. 76 µg L
-1
) and mixed 
in water to make again whole milk (10% w/v). The milk had pasteurized and fermented 
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using three different kinds of starters (YC-180, ABY-2 and CH-N-22) at pH 4.0 and 4.5. 
The study demonstrated that about three minutes pasteurization at 95 °C acquired 
absolutely no major effect on the AFM1 level in whole milk. Fermentation with diverse 
starter at pH 4.0 and 5.0 produced major effect on the stability regarding AFM1mean 
concentration. 25% dissipation of AFM1 was observed in yoghurt and fermented whole 
milk samples.  
Gürbay et al. (2006) executed a study to examine the concentrations of AFM1 in 
whole milk samples in Ankara, Turkey. Aflatoxin M1 level in whole milk samples was 
investigated by employing HPLC furnished with fluorescence detector. The limit of 
detection (LOD) was observed as 10 ng L
-1
. Total 27 samples were assessed including 24 
samples of UHT whole milk and 3 samples of pasteurized whole milk. Aflatoxin M1 was 
observed in 59.3% samples, only one sample was found to have higher level of AFM1 
contents than the mentioned permissible restriction limit of 50 ng L
-1
 recognized by 
European Union as well as Turkey. 
Kamkar (2005) find out the incidence of AFM1 in raw milk procured from dairy 
farms of Sarab, Iran. 111 milk samples were assessed for existence of AFM1. 85 (76.6%) 
of analyzed milk samples were found contaminated with AFM1. The concentration level 
of AFM1 reported in the range of 0.015-0.28 µg L
-1
. 40% of positive samples were found 
to have higher level of AFM1 than the most tolerance restriction limit of 0.05 µg L
-1
 
recognized by a number of European countries. The minimum mean concentration of 
0.024 µg L
-1
 regarding AFM1 was present in August. The higher mean value was 
reported in December. Aflatoxin M1 occurrence stage in the months of Jan., Feb., Apr. 
and Dec. had been more than any other months of the year.  
Deveci and Sezgin (2005) performed a study to explore aflatoxin M1 levels in 
skim milk powder. Research was carried out by HPLC in conjunction with 
immunoaffinity columns. 21 skim milk powder samples were collected from 4 processing 
units throughout the year. Aflatoxin M1 concentration in the 21 samples were present 
ranging from 0.0-0.705 µg kg
-1
. A couple of samples showed the AFM1 concentration 
(0.535 and 0.705 µg kg
-1
) which surpassed the Turkish Codex limit of 0.05 µg kg
-1
. 
90.5% samples did not go over the tolerance restriction limit proven by Turkish Codex. 
Seasonal variations of AFM1 level as demonstrated by the study were statistically 
significant (p < 0.01). AFM1 level from the samples collected in summer was found low 
from those samples collected during the winter weather. 
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Oruc et al. (2005) investigated AFM1 concentration in 115 raw cow milk samples 
collected from plain and hill towns during Mar -Apr 2003 in Bursa, Turkey by ELISA 
approach. The mean AFM1 value was observed as 78.06 ± 6.34 ng kg
-1
 (0.00-212.40 ng 
kg
-1
) in milk samples from plain villages as well as 71.72 ± 5.52 ng kg
-1
 (12.30-164.10 ng 
kg
-1
) in milk samples from hill towns. The mean aflatoxin M1 concentration level in the 
plain village milk samples was found greater than those of hill towns; although the 
variation was not statistically major. The AFM1 levels in the milk samples from plain 
villages (61.82%) and mountain village milk samples (56.67%) were above the restriction 
limit of 50 ng kg
-1
. 
Carvajal et al. (2003) commenced a survey regarding AFM1concentration in milk 
in Mexico. Quantification regarding AFM1 was completed in 580 samples employing 
HPLC. The AFM1 concentrations in pasteurized and ultra-heat pasteurized milk samples 
of 7 frequently consumed brands from diverse locations with varied expiries and having 
various fat levels was determined. Both of the treatment i.e. pasteurization as well as 
ultra-pasteurization were not found to minimize AFM1 contamination risk in milk. In 
Mexico, the only brand which had the lowest level of AFM1 contamination was imported 
and rehydrated milk. 
Rodriíguez-Velasco et al. (2003) applied ELISA as well as HPLC methods for 
examination of AFM1 in cow‟s milk samples were taken from dairies in Leon, Spain. At 
first, the level regarding AFM1 in the extract of milk was assessed using ELISA. The 
recovery rate was found to be as 74.6-109% for artificially toxified milk with the levels of 
10-80 ng L
-1
. The tested samples having higher level of toxified AFM1 than 10 ng L
-1
 
were further studied with HPLC. 89.3% was reported as the man recovery rate for the 
samples analyzed using HPLC. For both ELISA as well as HPLC the limit of detection 
(LOD) was 10 ng L
-1
. Aflatoxin M1 was found in 3.3% in all tested samples and its level 
in all of them had been under the restriction appropriate legal limit established by 
European Union. 
Pietri et al. (2003) explore the level of AFM1 in milk in Emilia, Italy. The survey 
was conducted during 1993-1998. 332 milk samples were procured from dairy farms 
supplying milk to processing units for cheese making. AFM1 was conformed in 95.5% of 
the total analyzed samples. 28 samples (8.4%) surpassed the restricted limit (50 ng kg
-1
) 
established by Commission of the European Communities (CEC) in 1998. Probably the 
most toxified samples (23 out of 28) were present in the first 24 months of the sampling. 
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Whilst, the levels of AFM1 in milk tend to decrease in the samples collected in later 
years. 
Garrido et al. (2003) conducted a study to investigate the presence of AFM1 as 
well as AFM2 in milk samples. 60 UHT and 79 samples of pasteurized milk were 
collected from food markets in Ribeirao Preto-SP, Brazil during 1999-2000. Aflatoxin 
M2 was not found in any of the tested samples while, AFM1 was detected in 29 (20.9%) 
samples varying between 50-240 ng L
-1
. Concentrations of aflatoxin M1 in 20.9% of milk 
samples were to surpass the 50 ng L
-1
, the maximum acceptable limit of the European 
Union. 
Roussi et al. (2002) evaluated the AFM1 contamination in 298 milk samples by 
HPLC. In the initial trial, 114 samples (pasteurized milk, UHT milk and concentrated 
milk) were taken from food markets, while 52 raw milk samples of sheep, cow and goat 
milk were collected from diverse milk companies throughout Greece. In the next trial, 54 
pasteurized milk samples, 23 samples of bulk-tank raw milk, as well as 55 raw whole 
milk samples of goat, cow and sheep were taken for analysis. In the initial trial, the 
presence rates of AFM1 contamination reported as: pasteurized milk (85.4%), UHT milk 
(82.3%), concentrated milk (93.3%), cow milk (73.3%), sheep milk (66.7%) and goat 
milk (40.0%). Out of contaminated samples 1 cow milk and 2 concentrated milk samples 
have higher level of AFM1 than the European Union restriction limit of 50 ng L
-1
. In the 
next trial, the AFM1 contamination rates for samples were found as: pasteurized milk 
(79.6%), bulk-tank milk (78.3%), cow milk (64.3%), sheep milk (73.3%) and goat milk 
(66.7%). Only 1 cow and 1 sheep raw milk sample surpassed the allowed limit. The final 
results had shown the current regulating position about aflatoxins in Greece. 
Salem (2002) performed a research to determine the natural presence of overall 
aflatoxins in feedstuffs as well as AFM1 in raw whole milk of dairies in Assiut, Egypt. 82 
feedstuff samples as well as 85 raw whole milk samples were procured from 6 dairies and 
2 industrial factories processing feed in Assiut. 4 feed samples surpassed the Egyptian 
maximum residual level of 20 ng g
-1
. The highest level was present in meal of cottonseed. 
Aflatoxin M1 was present in 50 samples (58.8%) from the investigated milk samples and 
its concentration ranged from not detected (ND) to 15 ng L
-1
. The final results disclosed 
that AFM1 concentration in the tested milk samples were beneath the tolerance restriction 
of European Union (50 ng
-1
). 16 samples out of the 50 positive surpassed the Switzerland 
restriction (10 ng L
-1
). 
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Bakirci (2001) studied the levels of aflatoxin M1 in milk samples collected from 
the dairy farm of Yüzüncü Yil University. Moreover, the carry-over and fate of aflatoxin 
M1 in the dairy products prepared at the farm were also investigated. Aflatoxin M1 was 
present in 79 milk samples (87.77%) out of 90. 34 (44.30%) positive samples were 
reported to have higher level of AFM1 than the maximum residual limit. 93 samples were 
evaluated to assess the fate and carry-over of aflatoxin M1 in the dairy products. The 
results disclosed that there were no statistical differences between AFM1 levels of bulk 
milk, skim milk, pasteurized milk, buttermilk, whey and yoghurt. 
Previous studies suggested that there is need to explore the level of aflatoxin B1 in 
feed and aflatoxin M1 in milk. Phase 1 was planned to check concentration of aflatoxin in 
feed and milk.  
3.5. Effect of processing on pesticide residues 
Pesticide residues in milk can be reduced by heating process and manufacturing 
process. Their reduction depends on the initial concentration of residues in milk and 
nature of residues (Bajwa and Sandhu, 2014). Pesticide residues reduction under heating 
in buffalo‟s milk was investigated by Abd-Rabo et al. (1989). Milk samples were 
prepared by spiking with 40 ppm each of DDT, DDE and DDD, 50 ppm of fenvalerate 
pyrethroids. They found that pasteurization has reduction effect on DDT and DDE. 
Jordral et al. (1995) observed that pasteurization at 65 °C for 30 min has reduced 
pesticide residues by 15.59, 58.80 and 23.17% of DDE, DDD, and DDT, respectively. 
The residues of diazinon, malathion and chlorpyriphos were found dissipated after 
pasteurization (62.8 °C for 0.5 h) by 70.54, 51.94 and 44.68% respectively reported by 
El-Hoshy, (1997). Abou-Arab, (1999) reported that γHCH was reduced by 65–73% in 
milk by pasteurization.  
Zidan et al. (1994) studied fate of pesticide residues during processing of dairy 
products (cream and butter). HCH, lindane and DDT were found dissipated by 0, 5.3 and 
0.1% in cream; 20.5, 23.3 and 24.6% in butter. Madan and Kathpal (2001) monitored 
effect of kitchen processing on pesticide residues reduction in milk by boiling, malai 
removal, curd, lassi and butter manufacturing.  They reported that boiling reduced 11.54–
26.78% level of HCH isomers and malai removal after boiling dissipated by 35.86–
50.88%. Boiling reduced DDT residues was 15.58–35.09% due to boiling and malai 
removal after boiling dissipated 25.32–62.04%. Furthermore, formation of curd and lassi 
did not alter further in the residues content as the residues have already been removed by 
malai removal or cream. Butter manufacturing had increased residues many folds as 
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butter contain maximum content of fat and organochlorine are lipophilic moved with fat. 
It was monitored that about 3–5, 11-13 times higher residues of HCH and DDT were 
present in malai and butter. Abou-Arab, (1999) studied that yoghurt manufacturing of 
spiked milk and refrigeration storage for 3 days caused a gradual loss of HCH levels by 
1.4–8.9%. Rajashekar et al. (2007) studied pesticide residues level in butter and khoa and 
concluded that butter had higher pesticide residues as compared to khoa. It was observed 
that pesticide residues reduction were maximum under sterilization of milk in comparison 
with pasteurization. Pietrino, (1991) studied storage effect of refrigeration on the 
pesticide. He reported that residues are not affected by heating and by storage under 
refrigerated conditions or at ambient temperature.  
Review of literature showed that screening of pesticide residues and aflatoxin in 
milk was carried out around the globe especially in developed countries. But in Pakistan 
very limited work has been carried out on aflatoxin and pesticide residues in milk. This 
research was planned with objective to provide data base to government regarding 
pesticide residues and aflatoxin in milk which will be helpful for making rules and 
regulations in this context. The previous literature showed that heating has no effect on 
reduction of aflatoxins in milk so the aflatoxins were not carried to Phase II. The previous 
studies also showed that limited work has been done regarding effect of processing on 
dissipation of pesticide residues in milk. Therefore, Phase II was planned to estimate the 
dissipation behavior of pesticide residues during processing.  
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CHAPTER 3 
MATERIALS AND METHODS 
Research work was carried out in two phases, Phase I and Phase II. Phase I was 
designed for screening of contaminants (pesticides and aflatoxin in milk and feed). Phase 
II was comprised of two studies, study-1 was designed to analyse dissipation behavior of 
fortified pesticides during processing. While in study-2 dissipation behavior of already 
existing pesticides in milk without pesticide fortification was evaluated. 
3.1. Phase I (Screening of pesticide residues and aflatoxin in milk and feed) 
First phase of study comprised of two sections; screening of pesticide residues (section 1) 
and aflatoxin in feed and milk (section 2). 
3.1.1. Farms selection  
Twenty different dairy farms were selected randomly from the surroundings of 
Faisalabad for milk collection with effort to cover whole Faisalabad. The following 10 
dairy farms of buffalo and 10 dairy farms of cow were selected for milk and feed sample 
collection. Selected dairy farms were divided in two subgroups; specie basis (cow and 
buffalo) and herd size basis (Small, Medium and Large). 
3.1.1.1. Buffalo Dairy Farms 
1. Fareedi Dairy Farm 
2. Al-Rehman Dairy Farm 
3. Rana Ilyas Dairy Farm 
4. Noon Dairy Farm  
5. Ramzan Dairy Farm  
6. Babar Dairy Farm  
7. Jaspal Dairy Farm  
8. Ghulam Rasool Dairy Farm 
9. Muhammad Ali Dairy Farm  
10. Bashir Dairy Farm  
3.1.1.2. Cow Dairy Farms 
1. Chawala Dairy Farm 
2. Bilal Rasheed Dairy Farm 
3. Sar Buland Dairy Farm  
4. Abdul Razzaq Dairy Farm 
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5. Hammad Shah Dairy Farm  
6. Mian Siddique Dairy Farm 
7. Rana Naeem Dairy Farm  
8. Saeed Dairy Farm  
9. Haji Rasheed Dairy Farm 
10. Umar Sharif Dairy Farm 
3.1.1.3. Type of dairy farm on basis of herd size 
Dairy farms of cow and buffalo were divided on the base of herd size Table 3.1. 
Table 3.1: Type of dairy farms 
Buffalo dairy farms Cow dairy farms 
Small  
(25-50) 
Medium 
(>50-150) 
Large  
(>150-300) 
Small  
(25-50) 
Medium  
(>50-150) 
Large  
(>150-300) 
Al-Rehman 
DF 
Noon DF Fareedi DF 
Hammad Shah 
DF 
Chawala DF 
Bilal Rasheed 
DF 
Ramzan DF 
Ghulam 
Rasool DF 
Rana Ilyas DF 
Mian Siddique 
DF 
Abdul Razzaq 
DF 
Sar Buland DF 
Babar DF Bashir DF Jaspal DF Saeed DF 
Haji Rasheed 
DF 
Rana Naeem 
DF 
Muhammad 
Ali DF 
- - 
Umar Sharif 
DF 
- - 
DF= Dairy Farms 
3.1.2. Milk and feed samples collection and transportation to laboratory 
Milk samples (five samples from each farm) were procured in pre-sterilized glass 
bottles in order to avoid any contamination. The feed samples were collected in high 
density polythene zipped plastic bags placed in paper bag. The milk samples were kept in 
the icebox during collection and transportation to NIFSAT laboratory. Samples were 
collected with information about farm, size, average age of animals, dominant specie, 
type of fodder etc. Performa was developed for this purpose. The samples were extracted 
for pesticide residues and aflatoxin and then frozen at -40 °C.  
3.1.3. Physicochemical analysis 
Milk fat, total protein and lactose was determined by Lactoscope (Model Comp-
1.0, Holland) available in Postgraduate Dairy Technology Laboratory, National Institute 
of Food Science and Technology (NIFSAT), University of Agriculture Faisalabad (UAF). 
Milk sample of 50 mL was taken in beaker and run through pre calibrated and 
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standardized Lactoscope for analysis. Milk pH was determined with pH meter (Model, 
Ino Lab 720 Germany).  
3.1.4. Screening of pesticide residues and aflatoxins 
 Screening of pesticide residues and aflatoxins was carried out following by 
sample preparation. 
3.1.4.1 Chemicals, standard, MycoSep® and Immunoaffinity columns 
All the chemicals used for the analysis were of Sigma-Aldrich (Steinheim, 
Germany). AFM1 standard, mix standard of AFB1, MycoSep® and Immunoaffinity 
columns were purchased from the Naseem Traders International Rawalpindi, Pakistan, a 
representative office of Romer Labs Inc. MO 63084, USA. 
3.1.4.2. Determination of aflatoxin B1 by HPLC 
For the determination of AFB1, B2, G1, G2 the AOAC Official Method 994.08 
was used with small modifications (AOAC Official Method 994.08, 2000). 
3.1.4.3. Extraction and clean-up procedure 
A test portion of 50.0g and 100mL extraction solvent (850mL acetonitrile with 
150mL deionized water) was taken in 250mL Erlenmeyer flask and placed in a shaker for 
1 hour at high speed. After filtration, 8mL extract was taken with pipette in 10mL glass 
tube. MycoSep® column (rubber flange end) was pushed slowly into the tube. As column 
was pushed into the tube, extract was forced through column and was collected in column 
reservoir. The purified extract (2mL) was transferred quantitatively from top of column to 
screw cap vial (derivatization vial) and was evaporated under gentle stream of nitrogen to 
dryness. 
3.1.4.4. Aflatoxin derivatization 
After adding n-hexane (200μL) in the derivatization vial to re-dissolve aflatoxin, 
50μL of trifluoroacetic acid was added and it was mixed on vortex mixer for 30 seconds. 
After five minutes, 1.95mL of deionized water: acetonitrile (9:1) mixture was added and 
again mixed on vortex mixer for 30 seconds. Layers were allowed to separate and 
aqueous layer (lower layer) containing aflatoxins was collected, filtered through 0.45μm 
syringe filter and then injected onto LC column. 
3.1.4.5. HPLC determination with fluorescence detection 
The high-performance liquid chromatography equipment (Perkin Elmer series 
200) was used for aflatoxin screening. The excitation and emission wavelength of 365nm 
and 435nm respectively was set during analysis. The stainless steel column Discovery® 
C18 of Supelco (Bellifonte, PA, USA) with dimensions of 25cm×4.6mm (id) and with 
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particle size of 5 μm diameter was used. The mobile phase (acetonitrile: methanol: 
deionized water in the ratio of 20:20:60) was degassed with sonicator before use. The 
flow rate was 1.0 mL/ min. Calibration curve was established using a series of calibration 
solutions of AFB1 in acetonitrile with concentrations of 0.5, 1.5, 2.5, 5.0, 10.0, and 15.0 
μg/ L. 
3.1.4.6. Calculations 
Aflatoxin B1 peak was identified in derivatized extract chromatogram by 
comparing its retention time with corresponding peak in the standard chromatogram. The 
quantity of the aflatoxin B1, C, was determined in the derivatized extract (injected) from 
the respective standard curves. The concentration of aflatoxin B1 was calculated in test 
sample as follows: 
Aflatoxins B1 ng/g = C/W 
Where W= equivalent weight of test portion (in 20µL) injected into LC; C= aflatoxin (ng) 
(in 20µL) injected into LC  
3.1.5. Aflatoxin M1 screening in milk 
AOAC Official Method 2000.08 was followed for the detection of aflatoxin level 
in milk samples (AOAC, 2005). 
3.1.5.1. Milk sample preparation for HPLC 
AOAC Official Method 2000.08 (AOAC, 2005) was followed for the extraction 
of AFM1 from milk samples with some modifications as reported by Dragacci et al. 
(2001) and Iqbal and Asi (2013). The temperature of liquid milk samples was maintained 
at 37 
o
C by placing in water bath. The fat layer was dispersed by gentle stirring. Then 
samples were centrifuged at 2500 rpm for 10 minutes at 4 
o
C to separate the fat layer. 
After centrifugation, samples were filtered through Whatman No. 4 filter paper. 50 mL of 
filtrate was collected in clean and dry flask. The immunoaffinity column (IAC) was taken 
out of refrigerator and allowed to reach the room temperature. After this, a clean syringe 
barrel was attached to top of IAC cartridge and 50 mL of prepared test portion of milk 
was transferred with volumetric flask or volumetric pipet into the syringe barrel attached 
to an IAC. The milk was allowed to pass through the IAC with a flow rate of 2-3 mL per 
minute under gravity. After all the milk had passed through the IAC, the syringe barrel 
was removed and was replaced with a clean one. The IAC was washed with 20 mL of 
double distilled water (HPLC grade) to eliminate any possible impurity. After washing 
completely the IAC was blew to dryness. Another dry clean barrel was put on cartridge. 
Then, slowly AFM1 was eluted with 1.5-3 mL of methanol (HPLC grade) at a rate that 
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methanol remained in contact with the IAC approximately for 60 seconds. Steady flow 
rate was kept till the complete elution of AFM1 in a dry clean vial. Finally, the eluate was 
evaporated to dryness using a gentle stream of nitrogen. The analyte was reconstituted 
with mobile phase [Isocratic mobile phase of acetonitrile and water (25:75 v/v)] before 
loading to HPLC for final analysis with same running condition as explained in section 
3.1.4.5. with only difference of mobile phase.   
3.5.3 Calculations for AFM1 concentration in milk 
Aflatoxin (AFM1) mass concentration in the milk was calculated using following 
equation given bellow: 
AFM1  =    
Cs × Au × Vf 
As × Vi × Vs 
Where: 
AFM1 = level of aflatoxin M1 in the test milk sample in ng mL
-1
; Cs = known concentration of injected 
standard in ng; As = peak area of standard; Au = peak area of unknown milk sample; Vi = volume of 
injected eluate of unknown milk sample in µL; Vf = the final volume of re-dissolved eluate in µL; Vs = 
volume of test portion (milk) passed through the immunoaffinity column (IAC) in mL. 
3.1.6. Screening of organochlorine and pyrethroid pesticides residues from milk 
Official Method described by AOAC (2002) was followed for the detection of 
organochlorine residues in milk samples with modifications as described by Kampire et 
al. (2011) and Heck et al. (2007). 
3.1.6.1. Milk sample preparation: 
Extraction procedure was carried out according to the method of Heck et al. 
(2007) with some modifications. The milk samples were mixed thoroughly and a sample 
of 100 mL was taken and subdivided into two portions of 50 mL. Each portion of the milk 
sample (50 mL) was placed in a centrifuge tube and centrifuged for 15 min, at 5000 rpm. 
After centrifugation, the upper layer composed of fat was removed and placed in a small 
clean beaker from which 1 g of fat was weighed out. Anhydrous sodium sulfate (25 g) 
was mixed with the fat (1 g) in a 250 mL flask. To this mixture was added 100 mL of 
petroleum ether and the mixture was shaken vigorously for 2 min. It was then allowed to 
settle down and the petroleum ether was filtered off into another flask through a glass 
funnel containing anhydrous sodium sulfate on top of glass wool to remove traces of 
water. The filtered extract was evaporated to near dryness using a rotary evaporator and 
concentrated to about 2-3 mL and was taken for cleanup process. 
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3.1.6.2. Clean up with florisil 
A 15 cm long glass column of 4 mm id was plugged with glass wool and was then 
packed with florisil (10.0 g) followed by anhydrous sodium sulfate (4 g). The column was 
lightly tapped to compact the florisil bed and then rinsed with 5 mL hexane to remove any 
impurities. To this column was added the concentrated fat extract 2-3 mL. The column 
then eluted with 100 mL of n-hexane to extract organochlorine pesticides. The eluent was 
collected in a 250 mL round bottom flask, filtered through anhydrous sodium sulfate into 
another round bottom flask and then transferred into a rotary evaporator flask. The extract 
was carefully concentrated to about 2-3 mL using a rotary evaporator at 40 °C, taken up 
into a glass vial with hexane and evaporated to dryness using nitrogen gas. The residue 
was dissolved in 1 mL of cyclohexane for GC analysis. 
3.1.6.3. Gas chromatography analysis 
The analysis was done on an Agilent Model 6890 Gas Chromatograph equipped 
with a 
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Ni electron capture detector (GC-ECD). One µL of extract was injected into a 
fused silica capillary column (HP-5MS) of 30 m in length, 0.25 mm i.d. and using 
nitrogen carrier gas with a 1.0 mL/min flow rate. The following oven program was used: 
150 
°
C initial hold for 5 min to 210 
°
C at 8 
°
C /min hold for 2 minutes and to final 
temperature 300 
°
C at 15 
°
C /min, hold for 10 min. The temperature of the detector was 
300 
°
C and injector was set at 280 
°
C. Reference standards of individual organochlorine 
pesticides used to identify and quantify the residues were obtained from Dr. Ehrenstorfer 
GmbH, Augsburg, Germany.  
3.1.6.4. Calculations for pesticide residues concentration in milk 
Pesticide Residues (ppm)  =    
As ×Istd × Vf  × CRf   
Astd × Is × Ms 
Where: 
As= Peak height of the standard; Astd= Peak height of the sample; Istd= μl of the standard extract injected; Is= 
μl of the sample injected; Vf= Final volume of the sample extract (ml) 
Ms= Mass in g of the sample; CRf= Concentration in ppm of the reference standard 
3.1.7. Screening of organophosphate and new chemistry pesticide residues in milk 
The detection of organophosphate and new chemistry residues in milk samples 
was carried out as described by Tian, (2011) and Salas et al. (2003) with modifications. 
3.1.8. Milk sample preparation 
Milk (50 mL) was blended with ethyl acetate (100 mL). After this, sodium sulfate 
(50 g) was added, and the mixture was shaken and then allowed to stand for 2-3 min. The 
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upper layer was decanted, and a 50 mL aliquot was evaporated to near dryness in rotary 
evaporator. The residue was re-dissolved in hexane 5 mL.  
3.1.9. Clean up 
A 15 cm long glass column of 4 mm id was plugged with glass wool. It was then 
packed with florisil (10.0 g) followed by anhydrous sodium sulfate (4 g). The column was 
lightly tapped to compact the florisil bed and then rinsed with 5 mL methanol and 5 mL 
water to remove any impurities. To this column was added the sample extract (5 ml) and 
the column then eluted with 100 mL of acetonitrile to extract organophosphate and new 
chemistry pesticide residues. The eluent was collected in a 250 mL round bottom flask, 
filtered through anhydrous sodium sulfate into another round bottom flask and then 
transferred into a rotary evaporator flask. The extract was carefully concentrated to about 
1 mL using a rotary evaporator at 40 °C, taken up into a glass vial with acetonitrile and 
evaporated to dryness using nitrogen gas. The residue was dissolved in 1 mL of methanol 
for HPLC analysis. Residues were calculated by using the expression as descried for 
organochlorine residues in previous section. 
3.2. Phase II (Effect of processing on pesticides fortified and farm milk) 
The information thus obtained regarding pesticide residues exceeding MRLs in 
milk samples obtained through phase I was further investigated in 2
nd
 phase, which was 
further subdivided in two studies. In phase II - dissipation behavior of pesticide residues 
(exceeding their MRLs) was evaluated on pesticide fortified milk samples (study-1), 
while in study-2 dissipation behavior of pesticide residues in naturally contaminated milk 
samples collected from pre-identified/selected dairy farms was investigated. 
3.2.1. Fate of fortified pesticide residues during milk processing (Study-1) 
In first study of research, milk was taken from a farm and dissipation behavior of 
self-added pesticides (treated milk) during processing and storage was determined. 
3.2.1. Milk sampling 
Milk samples were procured in pre-sterilized glass bottles in order to avoid any 
cross contamination and processed further without delay as described in phase I.  
3.2.2. Screening of milk for pesticides 
Milk was analysed by GC-ECD for selected pesticide residues of αEndosulfan, γHCH 
(organochlorine), Cyfluthrin, Fenvalerate, Deltamethrin and Permethrin (pyrethroid) 
according to method described in Phase I in order to make sure that milk samples are free 
from contamination of pesticide residues. 
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3.2.3. Addition (fortification) of Pesticides 
The pesticide exceeding their MRLs value in Phase I (β-Endosulfan, γHCH, 
Cyfluthrin, Fenvalerate, Deltamethrin, Permethrin) were added in milk at level of their 
MRL. After addition of pesticide residues in milk, milk was shaken and placed at 
refrigeration temperature for 24 hours, mixed thoroughly before taking samples for 
determination of pesticide residues. Fortified milk was analysed for pesticide residues of 
interest according their respective methods as described in phase I. 
3.2.4. Dissipation behavior of pesticide residues in milk during processing 
3.2.4.1. Pasteurization 
Pesticide fortified milk was heated at 62.5 °C for 30 minutes in stainless steel vat. 
Temperature was continuously monitored by keeping the pre sterilized temperature probe 
in milk. Pasteurized milk was screened for pesticide residues, to check dissipation of 
pesticide residues after heat treatment. 
3.2.4.2. Cream separation and skim milk 
Cream was separated by mechanical separator available in Postgraduate Dairy 
Laboratory NIFSAT, University of Agriculture Faisalabad. Both the skim milk and cream 
thus obtained after separation of cream by mechanical separator was analysed for 
pesticide residues. 
3.2.5. Storage study of pesticide fortified cream   
Cream was pasteurized at 62.5 °C for 30 minutes in stainless steel vat and packed 
in vaccum package and stored for 60 days at 4 °C. Cream was analysed for targeted 
pesticide residues by GC at 0, 30 and 60 days of storage. 
3.3. Fate of pesticide residues during milk processing (Study-2) 
In second study, fate of contaminant during processing was evaluated in milk 
collected from those farms having residues higher than their MRL. 
3.3.1. Milk sampling 
Milk samples were procured in pre-sterilized glass bottles in order to avoid any 
contamination as described in phase I. 
3.3.2. Screening of pesticides residues in raw milk, pasteurized milk, skim milk and 
cream 
Milk was processed as described in phase 1 and was analysed for pesticide 
residues of interest according to their respective methods as described in phase I. 
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3.4. Statistical Analysis 
First phase was analysed by descriptive stat (mean and standard deviation). 
Correlation analysis was also carried out to explicit interdependence of variables (pH, fat 
and pesticide residues) on each other in 1
st
 phase.  Levels of significance (P≤0.05 & 
P≤0.01) were determined under (ANOVA) CRD by following the principles outlined by 
Steel et al. (1997) in 2
nd
 phase.  
3.5. Method validation by recovery study 
Method validation for GC and HPLC was calculated by recovery studies of all 
pesticides determined in milk. Standards of analysed pesticides were run and standard 
curves were drawn for quantification of pesticide residues (Fig. 3.1-3.5) and aflatoxins 
standards were run to estimate quantity of AFM1 and AFB1 (Fig. 3.6-3.7). Recoveries 
were carried out by spiking blank samples with each pesticide under study at rate of 0.5 
µg kg
-1
 and 1.0 µg kg
-1
. For aflatoxin M1 milk samples and for B1 feed samples were 
spiked at rate of 0.05 and 0.1 µg kg
-1
, respectively. Blank samples were determined by 
GC and HPLC containing no pesticides or below LOD. Recoveries were found to be 
within 85 to 102 % so data was not adjusted for correction (Table 3.2).  
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Table 3.2: Recovery studies for method validation of GC and HPLC 
 
Pesticide Residues Recovery% 
Spiking at 
0.5 µg kg
-1
 
RSD% Recovery% 
Spiking at 
1.0 µg kg
-1
 
RSD% 
 
Organochlorine residues 
α-endosulfan 98.56 4.12 99.12 3.13 
β-endosulfan 97.12 3.14 98.24 4.15 
Endosulfan-sulphate 95.21 5.37 96.17 4.75 
Dieldrin 94.14 8.14 92.10 6.12 
DDE 97.50 11.22 100.01 8.95 
DDT 98.11 5.34 97.15 4.32 
Permethrin 91.02 6.37 98.12 5.32 
γ HCH 93.45 7.15 97.20 4.12 
Organophosphate residues 
Acephate 94.32 2.57 96.12 3.15 
Chloripyriphos 98.61 3.62 99.12 4.57 
Malathion 92.34 4.57 94.24 3.21 
Monochrotophos 87.14 5.94 94.02 4.25 
Methamedophos 101.0 4.64 98.51 5.84 
Profenophos 95.04 9.42 95.47 4.25 
Parathion-methyl 90.11 5.14 93.25 4.85 
Pyrethroid residues 
Bifenthrin 87.10 4.95 85.4 3.25 
Cyfulthrin 97.02 3.65 98.15 4.75 
Cypermethrin 102.01 6.95 97.45 7.45 
Deltamethrin 91.14 5.21 94.25 3.25 
Fenvelrate 87.12 3.20 89.11 3.11 
New chemistry residues 
Acetamiprid 98.14 5.34 99.10 4.12 
Imidacloprid 99.18 7.35 98.12 3.85 
 
Aflatoxins Recovery% 
Spiking at 
0.01 µg kg
-1
 
RSD% Recovery% 
Spiking at 
0.02 µg kg
-1
 
RSD% 
 
Aflatoxin M1 93.52 6.45 94.43 5.12 
Aflatoxin B1 92.10 7.14 95.12 4.32 
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  Fig 3.1. Chromatogram of organochlorine pesticides analyzed by GC-ECD. Detector 
temp. 300°C, Injection volume 1µL
-1
, Capillary column (HP-5MS). 
 Peaks: 1. γHCH (10.87), 2. α-endosulfan (11.96), 3. β-endosulfan (12.54), 4. endosulfan-
sulphate (13.96),  5. DDE (15.44), 6. DDT (16.05), 7. dieldrin (16.13) 
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Fig. 3.2. Chromatogram of pyrethroid pesticides analyzed by GC-ECD. Detector temp. 
300°C, Injection volume 1µL
-1
, Capillary column (HP-5MS). 
 Peaks: 1. deltamethrin (7.19), 2. bifenthrin (18.22), 3. permethrin (19.16), 4.cyfluthrin 
(19.89), 5. fenvalerate (20.33),  6.cypermethrin (21.23) 
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Fig. 3.3. Chromatogram of standard mixture of pesticides analyzed by RP-HPLC 
column C18 RP-ODS (25 cm long x 4.6 mm i.d)  in isocratic programme; UV 204 nm, 
mobile phase acetonitrile: water (55:45), flow rate 1 ml min
-1,
 column temperature 
30°C, Injection volume 1µL
-1
 (Peaks 1-5; 1.Monochrotofos(2.01), 
2.Chlorpyriphos(2.81), 3.Imidacloprid(3.70), 4.acetamiprid(4.95), 
5.malathion(11.75), 6.parathion-methyl(14.01). 
 
 
 
 
 
 
 
 
 
 
1 
2 
3 
4 
6 5 
45 
 
 
 
 
 
Fig. 3.4. Chromatogram of standard of profenofos pesticides analyzed by RP-HPLC 
column C18 RP-ODS (25 cm long x 4.6 mm i.d)  in isocratic programme; UV 230 nm, 
mobile phase acetonitrile: water (55:45), flow rate 1 ml min
-1,
 column temperature 
30°C, Injection volume 1µL
-1
 (Peak 1. Profenofos, retention time 11.45) 
 
 
 
 
1 
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Fig. 3.5. Chromatogram of organophosphate analyzed by RP-HPLC column C18 RP-
ODS (25 cm long x 4.6 mm i.d)  in isocratic programme; UV 220 nm, mobile phase 
acetonitrile: water (95:5), flow rate 1 ml min
-1,
 column temperature 30 °C, Injection 
volume 1µL
-1
, peak 1. methamedophos(4.50), 2. acephate (6.21) 
 
 
 
 
 
 
 
 
 
6.21 
4.50 
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Fig. 3.6. Chromatogram of standard of aflatoxin B1 analyzed by RP-HPLC column C18 
RP-ODS (25 cm long x 4.6 mm i.d) in isocratic programme; UV, emission 365nm and 
excitation 435nm, mobile phase acetonitrile: methanol: deionized water in the ratio of 
20:20:60, flow rate 1 ml min
-1
, Column temp. 35 
0
C, Injection volume 1µL
-1
. 
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Fig. 3.7. Chromatogram of standard of aflatoxin M1 analyzed by RP-HPLC column 
C18 RP-ODS (25 cm long x 4.6 mm i.d) in isocratic programme; UV, emission 
365nm and excitation 435nm, mobile phase acetonitrile and water (25:75 v/v), flow 
rate 1 ml min-1 Column temp. 35 
0
C, Injection volume 1µL
-1
. 
Time (Min) 
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CHAPTER 4 
RESULTS AND DISCUSSION 
Milk inhabits vital position in diet of human beings and is considered a good 
source of health, it is said to be near to a complete diet. It is a complex colloidal mixture 
of fat, proteins, minerals, lactose and many other vital components which are present 
either in suspension or in dissolved form. For centuries, milk and its products are 
regularly taken up by adults and children in their daily diet. Besides its countless benefits, 
it also bears paramount potential for foremost contaminants (pesticides residues and 
aflatoxin) to the human‟s diet. Hence, because of common incidence and injurious health 
effects of pesticides residues and aflatoxins contamination, it is of great importance and 
need of the hour to explore pesticide residues and AFM1 detection and quantification in 
milk in Pakistan. To explore the hazards potential to population of Faisalabad city, milk 
samples were collected form farms and screened for presence of pesticides residues and 
aflatoxins M1 in phase I. Effect of processing (pasteurization, cream separation and 
skimming) on dissipation of pesticide residues was calculated in phase II.  
The results of undertaken studies are presented and discussed below. Before 
conducting the experiment, the chromatographic methods were validated for their 
authenticity and reliability as described in materials and methods. 
4.1. Phase I (Screening of pesticide residues and aflatoxins in milk) 
 Samples were procured from 20 different dairy farms from the surrounding of 
Faisalabad district. Among the selected dairy farms 10 farms were of buffalo and 10 
farms were of cows. 
4.1.1. Physicochemical analysis 
Milk was analysed for physicochemical analysis as given in Table 4.1 and Table 
4.2 for buffalo and cow dairy farms, respectively. The physicochemical analysis of milk 
was carried out to check milk quality and to make sure that milk samples under study 
were not spoiled.  
4.1.1.1. Buffalo dairy farms 
 In buffalo dairy farms, pH was found highest (6.70) in farm 2 and lowest was 
(6.51) in farm 6. Fat was observed maximum (8.20 %) in farm 6 and lowest (5.90 %) in 
farm 8.  Farm 5 showed highest protein (4.75 %) and farm 2 with lowest (4.32 %) protein. 
Lactose was found highest (5.32 %) in farm 7 and lowest (5.10 %) in farm 1.  
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Table 4.2: Physicochemical analysis for buffalo dairy farms 
Farms pH Fat% Protein% Lactose% SNF% Total Solids% 
1 6.58±0.12 7.20±1.23 4.38±1.03 5.10±1.01 9.48±1.10 16.68±1.14 
2 6.70±0.02 6.90±1.21 4.32±1.14 5.28±1.10 9.60±1.04 16.50±1.01 
3 6.57±0.08 7.50±1.14 4.40±1.02 5.14±1.07 9.54±1.11 17.04±1.08 
4 6.65±0.02 7.80±0.98 4.46±1.11 5.12±1.12 9.58±1.09 17.38±1.19 
5 6.61±0.07 7.50±1.14 4.75±1.14 5.30±1.21 10.05±0.94 17.55±1.20 
6 6.51±0.11 8.20±1.27 4.59±1.17 5.20±1.18 9.79±1.10 17.99±1.10 
7 6.59±0.12 6.20±1.04 4.57±1.16 5.32±1.16 9.89±1.12 16.09±1.09 
8 6.65±0.04 5.90±1.11 4.22±1.21 5.27±1.05 9.49±1.16 15.39±1.11 
9 6.67±0.02 6.30±1.22 4.65±0.99 5.21±1.13 9.86±1.17 16.16±1.23 
10 6.60±0.07 6.10±1.32 4.35±1.00 5.32±1.08 9.67±1.21 15.77±1.16 
Buffalo dairy farms 
1= Fareedi Dairy Farm   
2= Al-Rehman Dairy Farm 
3= Rana Ilyas Dairy Farm 
4= Noon Dairy Farm 
5= Ramzan Dairy Farm 
6= Babar Dairy Farm 
7= Jaspal Dairy Farm 
8= Ghulam Rasool Dairy Farm 
9= Muhammad Ali Dairy Farm 
10= Bashir Dairy Farm 
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Table 4.3: Physicochemical analysis for cow dairy farms 
Farms pH Fat% Protein% Lactose% SNF% Total Solids% 
1 6.60±0.07 5.40±1.011 3.34±1.03 4.38±1.00 7.72±1.20 13.12±1.11 
2 6.62±0.08 5.70±1.12 3.22±1.25 4.32±1.12 7.54±1.11 13.24±1.35 
3 6.59±0.06 5.60±1.15 3.44±1.11 4.28±1.35 7.72±1.03 13.32±1.24 
4 6.60±0.09 6.10±1.25 3.68±1.23 4.37±1.25 8.05±1.05 14.15±1.28 
5 6.63±0.07 5.80±1.38 3.58±0.98 4.22±1.27 7.80±1.18 13.60±1.17 
6 6.57±0.05 6.00±1.37 3.69±1.00 4.4±1.12 8.09±1.07 14.09±1.15 
7 6.55±0.04 5.10±1.14 3.21±1.01 4.29±1.17 7.50±1.08 12.6±1.11 
8 6.63±0.08 4.80±1.15 3.72±1.02 4.31±1.42 8.03±1.14 12.83±1.11 
9 6.64±0.05 4.90±1.11 3.35±0.98 4.29±1.31 7.64±1.10 12.54±1.21 
10 6.61±0.07 4.70±1.09 3.40±1.12 4.35±1.21 7.75±1.18 12.45±1.34 
Cow dairy farms 
1= Chawala Dairy Farm 
2= Bilal Rasheed Dairy Farm 
3= Sar Buland Dairy Farm 
4= Abdul Razzaq Dairy Farm 
5= Hammad Shah Dairy Farm 
6= Mian Siddique Dairy Farm 
7= Rana Naeem Dairy Farm 
8= Saeed Dairy Farm 
9= Haji Rasheed Dairy Farm 
10= Umar Sharif Dairy Farm 
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Solid not Fat (SNF) was observed maximum (10.05 %) in farm 5 and minimum (9.48 
%) in farm 1. Total solids were observed highest 17.99 % in farm 6 and lowest 16.09 % in 
farm 7. 
4.1.1.2. Cow dairy farms 
 In cow dairy farms pH 6.64 was found highest in farm 9 and lowest were 6.55 in 
farm 7. Fat was observed maximum (6.10 %) in farm 4 and lowest (4.70 %) in farm 10. 
Farm 8 showed highest protein 3.72% and farm 7 was with lowest 3.21% protein. Lactose 
was found highest (4.38 %) in farm 1 and lowest (4.22 %) in farm 5. Solid not Fat (SNF) 
was observed at maximum 8.09 % in farm 6 and minimum 7.54 % in farm 2. Total solids 
were observed highest 14.15 % in farm 4 and lowest 12.45 % in farm 10. 
4.1.2. Pesticides residues in buffalo and cow dairy farms 
4.1.2.1. Organochlorine pesticide residues 
The results in Table 4.3 depicted that milk samples of all farms type (small, 
medium and large) in buffalo and cow dairy farms were found contaminated with 
organochlorine residues. 
Pesticide residues analysis in milk revealed that buffalo milk sample of small, 
medium and large farms were found contaminated with α-endosulfan with contamination 
rate of 50, 67 and 67 %, respectively and varied from 17.10 to 37.00 µg Kg
-1
 while 
contamination rate of α-endosulfan in milk samples of cow farms was 50, 34 and 67 % in 
small, medium and large farms, respectively with range of 15.13 to 37.14 µg Kg
-1
. Milk 
samples of all type of farms (buffalo and cow) were found contaminated with pesticide 
residues and were below MRL, however cow farms were found less contaminated as 
compared to buffalo farms. 
The milk samples of all farms (buffalo and cow) were found contaminated with β-
endosulfan. In buffalo farms; β-endosulfan was in range of 12.00 to 65.01 µg Kg-1 with 
contamination rate of 50,100, 67 % in milk samples of small, medium and large dairy 
farms, respectively; while in cow farms, β-endosulfan varied from 12.10 to 61.04 µg Kg-1 
with contamination rate of 75, 67, 34 % in milk samples of small, medium and large dairy 
farms, respectively. In buffalo farms; out of 15 milk samples collected form medium farm 
12 milk samples (57.50 µg Kg
-1
) were above MRL, and 9 milk sample (55.90 µg Kg
-1
) 
out 15 milk samples of large farms were above their MRLs (50.00 µg Kg
-1
) however 7 
cow milk samples of medium farms (58.10 µg Kg
-1
) out 15 samples were above the 
MRLs. 
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The milk samples of all dairy farms (buffalo and cow) were found contaminated 
with DDE (Dichlorodiphenyldichloroethylene). In buffalo farms, DDE varied from 2.12 
to 6.14 µg Kg
-1 
with contamination rate of 100% in milk samples of small, medium and 
large dairy farms; while in cow farms DDE varied from 1.21 to 6.45 µg Kg
-1 
with 
contamination rate of 100, 100, 67 % in milk samples of small, medium and large dairy 
farms, respectively. However tested milk samples of buffalo and cow were well below MRL of 
DDE (50.0 µg Kg
-1
). 
Buffalo and cow milk samples of all farms were found contaminated with γHCH. 
In buffalo farms γHCH varied from 0.84-2.40µg Kg-1 with contamination rate of 50, 67, 67 
% in milk samples of small, medium and large dairy farms, respectively; while in cow 
farms γHCH varied from 0.58 to 1.91 µg Kg-1 with contamination rate of 50, 67, 67 % in 
milk samples of small, medium and large dairy farms, respectively. In milk samples of 
small buffalo dairy farm 10 milk samples out of 20 samples, 10 milk samples out of 15 
samples in medium and 10 milk samples of large farm out of 15 samples exceeded their 
MRLs (1.00 µg Kg
-1
) while in cow farms 10 milk sample out of 20 in small farm, 10 milk 
samples out of 15 samples in medium and 8 milk samples out 15 samples in large farm 
exceeded MRL value of γHCH. 
Dieldrin was found in milk samples of all types of farms (buffalo and cow). In 
buffalo farms dieldrin varied from 2.02 to 4.07 µg Kg
-1
 with contamination rate of 75, 67, 
67 % in milk samples of small, medium and large dairy farms, respectively; while in cow 
farms dieldrin varied from 1.08 to 3.42 µg Kg
-1 
with contamination rate of 50, 67, 67 % in 
milk samples small, medium and large dairy farms, respectively. Milk samples of buffalo 
and cow dairy farms were below MRL (20.00 µg Kg
-1
) value of dieldrin.  
DDT was not found in any milk samples of buffalo and cow dairy farms.   
4.1.2.2. Organophosphate pesticide residues 
The milk samples of buffalo and cow farms was analysed for screening of 
organophosphate pesticide residues (Table 4.4). In buffalo dairy farm, milk samples of 
small farms were found contaminated with acephate with contamination rate of 25 % at 
range of 2.01 to 3.50 µg Kg
-1 
while in cow dairy farms milk samples of medium farms 
were found contaminated with contamination rate of 67 % with range of 2.00 to 4.01 µg 
Kg
-1
. All milk samples of buffalo and cow dairy farm were well below the MRL (20.00 
µg Kg
-1
) of acepahte.  
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Table 4.4: Organochlorine pesticide residues in buffalo and cow milk 
Pesticides 
residues 
Buffalo Farms 
(µg Kg
-1
) 
Cow Farms 
(µg Kg
-1
) 
MRL 
(µg Kg-1) 
Range
* 
Small
** 
Medium
**
 Large
**
 Range
*
 Small
**
 Medium
**
 Large
**
 
α-endosulfan  17.10-37.00 34.40± 8.04 26.90±7.11  30.80± 7.00 15.13-37.14 22.60±2.20 18.70±4.00 37.90±2.01 
50 
CR % - 50 67 67 - 50 34 67 
β-endosulfan 12.00-65.01 16.10±1.32 57.50±3.61 55.90±2.62 12.10-61.04 18.20±4.12 58.10±1.12 48.10±4.01 
50 
CR % - 50 100 67 - 75 67 34 
Endosulfan-
sulphate 
3.01-49.00 11.50±2.13  30.5±5.35 34.10±5.01 7.10-36.00 9.50±1.03 29.60±4.00 28.80±2.34 
50 
CR % - 100 100 100 - 50 100 67 
DDE 2.12-6.14 4.10±1.03 5.30±0.82 5.20±0.42 1.21-6.45 2.90±0.41 4.10±0.27 5.20±0.48 
40 
CR % - 100 100 100 - 100 100 67 
γHCH 0.84-2.40 2.13± 0.71 1.94± 0.46 1.16±0.32 0.58-1.91 1.24±0.40 1.64±0.10 1.70±0.21 
1 
CR % - 50 67 67 - 50 67 67 
Dieldrin 2.02-4.07 2.50± 1.10 2.50±0.32 3.10± 0.51 1.08-3.42 1.70±0.32 2.10±1.00 2.60±0.45 
6 
CR % - 75 67 67 - 50 67 67 
DDT ND ND ND ND ND ND ND ND 
40 
CR % - - - - - - - - 
*range given for only detected/pesticide positive samples 
**20, 15, 15 milk samples were collected from small, medium and large dairy farms, respectively 
CR = Contamination Rate   
ND = Not detected 
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The milk samples of all dairy farms (buffalo and cow) were found contaminated 
with chlorpyriphos. In buffalo farms chlorpyriphos varied from 1.00 to 10.01 µg Kg
-1 
with contamination rate of 75, 67, 100 % in milk samples of small, medium and large 
dairy farms, respectively; while in cow farms chlorpyriphos varied from 1.04 to 9.02 µg 
Kg
-1 
with contamination rate of 50, 67, 67 % in milk samples of small, medium and large 
dairy farms, respectively. The milk samples of buffalo and cow dairy farms were 
below the MRL (10.00 µg Kg
-1
) of chlorpyriphos.  
Malathion was only found in milk samples of small farms in buffalo with 
contamination rate of 34 % at range of 4.00 to 6.00 µg Kg
-1
; while no pesticide residues 
of malathion were found in the milk samples of cow dairy farms. The milk samples of 
small buffalo dairy farms were below MRL (20.0 µg Kg
-1
) of malathion. 
The milk samples of small buffalo dairy farms were found free of residues of 
monocrotophos or residues were below the detection limit. The milk samples of medium 
and large buffalo dairy farm were found contaminated with monocrotophos residues in 
range of 2.12 to 15.01 µg Kg
-1 
with contamination rate of 67 % in medium and large dairy 
farms; while in cow dairy farms monocrotophos residues varied from 1.02 to 18.21 µg 
Kg
-1 
with contamination rate of 25, 34, 67 % in milk samples of small, medium and large 
dairy farms, respectively. The buffalo and cow tested milk samples of all farms were 
below MRL of monocrotophos (20.0 µg Kg
-1
). Methamidophos residues were not found 
in any milk samples of buffalo and cow dairy farms.  
The Milk samples of all buffalo and cow dairy farms were found contaminated 
with profenofos. In buffalo farms profenofos residues were varied from 0.21 to 0.72 µg 
Kg
-1 
with contamination rate of 25 % in milk samples of small farms and100 % in milk 
samples of medium and large farms; while in cow farms profenofos residues was varied 
from 0.30 to 0.68 µg Kg
-1 
with contamination rate of 100 % in milk samples of small, 
medium and large dairy farms. All milk samples of buffalo and cow dairy farms were 
below the MRL of profenofos (50.0 µg Kg
-1
). 
Parathion-methyl residues were found in milk samples of all buffalo and cow 
dairy farms. Parathion-methyl residues were found in range of 5.30 to 7.20 µg Kg
-1 
with 
contamination rate of 67, 34 % in milk samples of medium and large buffalo dairy farms, 
respectively; while in cow farms parathion-methyl residues varied from 1.00 to 7.00 µg 
Kg
-1 
with contamination rate of 34 % in milk samples of medium dairy farms. However 
milk samples of buffalo and cow dairy farms were below MRL value of parathion-methyl 
(20.00 µg Kg
-1
). 
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Table 5.4: Organophosphate pesticide residues in buffalo and cow milk 
Pesticides 
residues 
Buffalo 
(µg Kg
-1
) 
Cow 
(µg Kg
-1
) 
 
MRLs 
Range
*
 Small
** Medium
*
*
 
Large
**
 Range
*
 Small
**
 Medium
**
 Large
**
 
Acephate 2.01-3.31 3.10±0.21 ND ND 2.00-4.01 ND 3.80±1.00 ND 
20 
CR % - 25 - - - - 67 - 
Chlorpyriphos 1.00-10.01 4.90±0.03 5.00±0.07 6.20±0.002 1.04-9.02 5.70±1.00 4.70±1.05 7.00±1.11 
10 
CR % - 75 67 100  50 67 67 
Malathion 4.00-6.00 ND ND 4.12±1.42 ND ND  ND  ND  
20 
CR %  - - 34 - - - - 
Monocrotophos 2.12-5.01 - 4.00±1.02 8.40±5.00 1.02-12.21 2.10±0.94 3.20±0.81 
10.10±1.5
1 20 
CR %  - 67 67  25 34 67 
Methamidophos ND  ND  ND  ND  ND  ND  ND  ND  
10 
CR % - - - - - - - - 
Profenofos 0.21-0.72 0.32±0.05 0.50±0.12 0.34±0.12 0.30-0.68 0.41±0.02 0.42±0.08 0.62±0.02 
50 
CR % - 25 100 100 - 100 100 100 
Parathion-methyl 5.30-7.20 ND 5.90±0.64 1.50± 0.42 1.00-7.00 ND 5.40±1.421 ND 
20 
CR % - - 67 34 - - 34 - 
* range given for only detected samples 
**20, 15, 15 milk samples were collected from small, medium and large dairy farms, respectively 
CR= Contamination Rate   
ND= Not detected 
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4.1.2.3. Pyrethroid pesticide residues in milk 
The milk samples of buffalo and cow was analysed for screening of pyrethroid 
pesticide residues (Table 4.5). Pyrethroid residues analysis in milk revealed that milk 
samples of small, medium and large buffalo dairy farms were found contaminated with 
cyfluthrin residues with contamination rate of 75, 67 and 67 %, respectively varied from 
12.41 to 64.52 µg Kg
-1 
while contamination rate of cyfluthrin residues in cow dairy farms 
was 50, 34 and 34 % in milk samples of small, medium and large farms, respectively and 
varied from 2.00 to 58.02 µg Kg
-1
. In buffalo milk samples, out of 20 milk samples 3 
samples of small farm (23.70 µg Kg
-1
), out 15 samples 9 milk samples of medium (50.80 
µg Kg
-1
) dairy farm and 4 milk samples of large dairy farms (20.10 µg Kg
-1
) out of 15 
milk samples were above MRL. However 4 milk samples of medium farm (48.50 µg Kg
-
1
) out of 15 samples and 3 milk samples of large farms (30.40 µg Kg
-1
) out of 15 milk 
samples in cow dairy farms were above the MRL (20.0 µg Kg
-1
) of cyfluthrin. 
The milk samples of all dairy farms (buffalo and cow) were found contaminated 
with residues of bifenthrin. In buffalo dairy farms bifenthrin residues were varied from 
1.12 to 14.24 µg Kg
-1 
with contamination rate of 50, 67, 100 % in milk samples of small, 
medium and large dairy farms, respectively; while in cow dairy farms bifenthrin was 
varied from 1.41to12.02 µg Kg
-1 
with contamination rate of 50, 34, 67 % in milk samples 
of small, medium and large dairy farms, respectively. The milk samples of buffalo and 
cow dairy farms were well below the MRL of bifenthrin (200.00 µg Kg
-1
). 
Fenvalerate was found in milk samples of all buffalo and cow dairy farms. In 
buffalo farms fenvalerate residues were varied from 4.20 to 50.01 µg Kg
-1 
with 
contamination rate of 67 and 34 % in milk samples of medium and large dairy farms; 
while in cow farms fenvalerate varied from 2.11 to 54.20 µg Kg
-1 
with contamination rate 
of 25, 34, 34 % in milk samples of small, medium and large dairy farms, respectively. 
The small buffalo dairy farms did not show fenvalerate residues in tested milk samples. In 
buffalo dairy farms 9 milk samples out of 15 samples in medium buffalo farms (37.90 µg 
Kg
-1
) were above MRLs.  However, 5 milk samples of medium farm (31.20 µg Kg
-1
) out 
of 15 samples and 4 milk samples of large farms (45.10 µg Kg
-1
) out 15 milk samples in 
cow dairy farms were above the MRL (20.0 µg Kg
-1
) of fenvalerate. 
The milk samples of all dairy farms (buffalo and cow) were found contaminated 
with cypermethrin residues. In buffalo dairy farms cypermethrin residues varied from 
1.00 to 7.05 µg Kg
-1 
with contamination rate of 25, 100, 67 % in milk samples of small, 
medium and large farms, respectively; while in cow farms cypermethrin residues varied 
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from 1.00 to 4.35 µg Kg
-1 
with contamination rate of 50, 100, 34 % in milk samples of 
small, medium and large dairy farms, respectively. All milk samples of buffalo and cow 
dairy farms were below the MRL of cypermethrin (50.00 µg Kg
-1
). 
The milk samples of all dairy farms (buffalo and cow) were found contaminated 
with deltamethrin. In buffalo dairy farms deltamethrin varied from 7.24 to 60.11 µg Kg
-1 
with contamination rate of 25,100, 67 % in milk samples of small, medium and large 
dairy farms, respectively; while in cow farms deltamethrin varied from 3.14 to 45.03 µg 
Kg
-1 
with contamination rate of 50, 100, 34 % in milk samples of small, medium and 
large dairy farms, respectively. In buffalo farms 8 milk samples of only medium farm 
(50.10 µg Kg
-1
) out of 15 samples were above MRL (50.00 µg Kg
-1
) while in cow no 
milk sample exceeded MRL value of deltamethrin. 
Permethrin was found in milk samples of all buffalo and cow dairy farms. In 
buffalo farms permethrin varied from 42.12 to 72.12 µg Kg
-1
 with contamination rate of 
67 and 34 % in milk samples of medium and large dairy farms, respectively. However, in 
cow farms permethrin was only detected in medium dairy farm and varied from with 
range of 31.00 to 46.04 µg Kg
-1
 showing contamination rate of 34 %. In buffalo farms, 13 
milk samples out 15 samples of medium farm, and 4 milk samples out 15 in large farms 
exceeded their MRLs while all cow milk samples were below MRL of permethrin (50 µg Kg
-1
). 
 4.1.2.4. New chemistry pesticide residues in milk 
The milk samples of buffalo and cow dairy farms were analysed for screening of 
new chemistry pesticide residues (Table 4.6). The new chemistry residues analysis in 
milk revealed that milk samples of small, medium buffalo dairy farms were found 
contaminated with acetamiprid residues with contamination rate of 25, 34 %, respectively 
and residues were varied from 2.00 to 8.01 µg Kg
-1 
while contamination rate of 
acetamiprid residues in cow dairy farms was 25 and 34 % in milk samples of small and 
medium farms, respectively with range of 1.00 to 5.10 µg Kg
-1
. However, all milk samples 
of buffalo and cow dairy farms were below the MRL of acetamiprid (50 µg Kg
-1
).  
The milk samples of all buffalo and cow dairy were found contaminated with 
residues of imidacloprid. In buffalo dairy farms imidacloprid residues were varied from 
10.01 to 40.20 µg Kg
-1
 with contamination rate of 25, 34, 34 % in milk samples of small, 
medium and large dairy farms, respectively; while in cow dairy farms imidacloprid 
residues were varied from 13.01 to 26.01 µg Kg
-1
 with contamination rate of 25, 67, 34 % 
in milk samples of small, medium and large dairy farms, respectively. The milk samples 
of buffalo and cow dairy farms were below the MRL of imidacloprid (100 µg Kg
-1
). 
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Table 4.6: Pyrethroid pesticide residues in buffalo and cow milk 
Pesticides 
residues 
Buffalo 
(µg Kg
-1
) 
Cow 
(µg Kg
-1
) 
MRL 
(µg Kg
-1
) 
Range
* 
Small
**
 Medium
**
 Large
**
 Range
*
 Small
**
 Medium
**
 Large
**
 
Cyfluthrin 12.41-64.52 23.7±12.11 
50.80± 
17.10 
20.10±5.0
1 
2.00-58.02 7.12±0.81 48.50±2.10 
30.40±2.1
3 20 
CR % - 75 67 67 - 50 34 34 
Bifenthrin 1.12-14. 24 11.17±1.45 8.11±3.00 7.05± 1.32 1.41-12.02 9.70±1.21 4.50±1.00 5.12±1.30 
200 
CR % - 50 67 100 - 50 34 67 
Fenvalerate 4.20-50.01 ND 
37.90± 
11.02 
4.90±0.87 2.11-54.20 1.13±0.12 31.20±4.30 
45.10±7.1
4 20 
CR  - 67 34 - 25 34 34 
Cypermethrin 1.00-7.05 5.50± 1.00 2.60± 1.00 2.80±0.74 1.00-4.35 2.50±1.56 1.50±0.87 2.00±0.81 
50 
CR %  50 100 67 - 50 34 34 
Deltamethrin 7.24-60.11 17.10±2.24 50.10±8.23 9.30±2.01 3.14-45.03 4.14±2.10 38.50±4.20 7.40±1.31 
50 
CR % - 25 100 67 - 50 100 34 
Permethrin 
42.12-
72.12 
ND 
63.20±13.0
1 
66.02±12.
10 
31.00-46.04 ND 45.10±7.01 - 
50 
CR % - - 67 34 - - 34 - 
*range given for only detected samples 
**20, 15, 15 milk samples were collected from small, medium and large dairy farms, respectively 
CR= Contamination Rate   
ND= Not detecte
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Table 4.7: New chemistry pesticide residues in buffalo and cow milk 
Pesticides 
residues 
Buffalo 
(µg Kg
-1
) 
Cow 
(µg Kg
-1
) 
Range
* 
Small
**
 Medium
**
 Large
**
 Range
*
 Small
**
 Medium
**
 Large
**
 
Acetamiprid 
2.00-
8.01 
5.45±3.
11 
3. 20±0.34 ND 
1.00-
5.10 
4.18±0
.12 
2.30±1.00 ND 
CR % - 25 34 - - 25 34 - 
MRL 50.0 µg Kg -1  
Imidacloprid 
10.01-
40.20 
31.4±2.12 
12.10±0
.23 
23.10±
0.72 
13.01-
26.01 
14.12±
1.35 
15.10±4.0
1 
25.10±
1.00 
CR % - 25 34 34 - 25 67 34 
MRL 100 µg Kg -1  
*range given for only detected samples 
**20, 15, 15 milk samples were collected from small, medium and large dairy farms, respectively 
CR= Contamination Rate   
ND= Not detected  
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Discussion 
Animals raised on fodder/feed contaminated with pesticide residues horde up 
pesticide residues in edible tissues and secrete them in milk ultimately. Milk which is 
considered balanced and healthy for all age groups (Grenby et al., 2001; Baskaya et al., 
2006) can be contaminated and toxic for human health. The presence and concentration of 
residues in milk depends on persistency of pesticide residues and nature whether they are 
hydrophobic or hydrophilic. To check the level of pesticide residues in milk collected 
from different farms, this study was planned. Analysis of milk collected from different 
locations has been done by various researchers. Aziz ul Hassan et al. (2014) monitored 
organochlorine and pyrethroid residues in milk. Pastor et al. (2002) studied pesticide 
residues in 132 cow milk samples collected from bulk transports (38 samples of raw milk) 
and market (94 samples of pasteurized milk).  
 
Organochlorine and pyrethroid residues 
The results regarding pesticide residues detected in milk samples collected from 
different dairy farms showed variable results. The residues of pesticides were found in all 
small, medium and large dairy farms. The milk was screened for 22 pesticide residues 
belonging to organochlorine, pyrethroid, and organophosphate and new chemistry 
pesticide group. However, 20 different pesticide residues were detected in milk samples 
and out of theses detected pesticides residues, cyfluthrin, deltamethrin, fenvalerate, 
permethrin, β-endosulfan and γHCH residues were above their MRLs. The exceeded 
pesticide residues belonged to organochlorine and pyrethroid pesticide residues.     
Organochlorine and pyrethroid pesticide residues are synthetic 
chemicals/compounds highly stable and persistent in nature because of their high density, 
strong bonding between carbon and chlorine moieties and partitioning behavior under 
ambient conditions. These compounds are lipophilic in nature, thus leads to 
bioaccumulation through food chain. Due to their high persistent and bioaccumulation 
these are known as environmental pollutants and their toxic health effects have been 
identified in animals and humans. The bioaccumulation tendency of these compounds in 
body tissues is a great apprehension about adverse human health effects. The 
indiscriminate use of pesticides on crops/fodder to safeguard them against insect pests is 
main factor for presence of pesticide residues in crops/fodder. The farmer‟s community 
especially in the developing countries is mostly illiterate and unaware of the potential 
hazards of pesticide residue in food. Another reason for presence of pesticide residues in 
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crops/fodder is subtropical climatic conditions prevailing in countries like Pakistan, 
which results in proliferation of the insects and farmers have to use the pesticides 
repeatedly to save their crops from insect pests. 
Another factor that counts for bioaccumulation of pesticide residues is that less 
than one percent of the applied pesticide usually reaches the target pest and remaining 
bulk is left elsewhere in the environment. From the place of application, these pesticides 
volatilize from soil, enter the atmosphere, re-enter soil and aquatic bodies through 
precipitation, and also through aerial fall-out. Fodder grown on contaminated soil can 
accumulate pesticide residues from soil and get contaminated, irrigation of fodder with 
contaminated water can pollute crop with pesticide residues. Contaminated water, feed 
and fodder act as main source of entry of pesticides into animals. These pesticides will 
find their way into meat and milk and may enter the human food chain. The chlorinated 
pesticides are excreted by animals through their milk fat (Pimentel, 2005; Kampire et al., 
2011).  
The livestock reared on pesticides contaminated soils, crops, and fodders may 
accumulate considerable residues in edible tissues. Furthermore, pesticide residues also 
accumulate on cropland soil. Animals can accumulate these substances from 
contaminated feed and water. Also, due to the fat-soluble nature of these pesticides, milk 
and other fat rich substances are the key items for their accumulation (John et al., 2001). 
Therefore, an indirect source of pesticides accumulation can be represented by animal-
derived products. The present study revealed that organochlorine and pyrethroid residues 
presence in milk may be due to animal exposure to pesticide residues by contaminated 
fodder, water and also dermal application of pesticides. Frank et al. (1984) detected 
fenvalerate residues in two mature holstein cow milk after 3 days application on skin. 
Milk is an ideal liquid to dissolve environmental contaminants such as pesticides because 
most of them are fat-soluble.  
In developing countries feed/fodder given to animals is often contaminated with 
pesticide residues (Nag and Raikwar, 2008) and after feeding, these pesticide residues 
conformed into the body structures of the animals (Prassad and Chhabra, 2001). The 
ingested, fat-soluble pesticide residues may be absorbed from the intestines into the 
systematic circulation. Pesticides with high lipid solubility tend to bio-accumulate in 
tissues with higher lipid content, such as adipose tissue and in milk. The presence of the 
pesticide residues in milk is a serious concern of public health since milk and milk 
products are popular and widely consumed by all age groups. There is need to educate 
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farmers about adverse health effects of pesticide residues especially in developing 
countries like Pakistan.   
Organochlorine pesticide residues (α-endosulfan and β-endosulfan) were detected 
in milk of cow. The present study is supported by finding of Pietrzak-Fiećko et al. (2014), 
they reported residual level of γHCH in cow‟s milk 22.75 μg/kg. Similar findings were 
reprted by Mocanu et al. (2012), Gutierrez et al., (2012), Pardio et al. (2003) and 
Costabeber et al. (2001). The present study of pyrethroid residues in milk is supported by 
Aziz ul Hassan et al. (2014). Residues became part of animal with dermal application also 
as reported by Bissacot and Vassilieff, (1996). Exposure of animal to contamination 
sources paly major role in determining the residual level of pesticide in milk as reported 
by Sassin et al. (2004). 
Organophosphate and new chemistry residues 
The results regarding organophosphate and new chemistry pesticide residues 
detected in milk samples collected from different dairy farms showed variable results. 
The milk samples was screened for 7 organophosphate and 2 new chemistry pesticide 
residues and data revealed that milk samples of buffalo and cow dairy farms were 
contaminated with organophosphate and new chemistry residues. However, all samples 
were well below their MRLs. Organophosphate and new chemistry pesticide residues in 
milk can appear due to number of factors; dermal application of pesticide for ectoparasite; 
from contaminated pasture/forages/fodder and animal feed from the raw material that was 
treated with pesticides and use of pesticides in stables and milk processing unit. The 
pesticides belonging to organophosphate and new chemistry are less stable and persistent 
than pyrethroid residues and organochlorine pesticides. The presence of organophosphate 
residues and new chemistry residues in tested milk samples may be due to continuous 
exposure of animal to contaminated source. However, their presence in milk has been 
reported by several studies. Organophosphate pesticides are highly toxic chemicals, as 
they affect nervous system by inhibiting acetyl cholinesterase. Therefore, presence of 
these compounds in milk is of great concern for consumer and milk processing industries. 
These residues can be transferred to milk via contaminated feed/fodder. The results of 
present study are in agreement with the findings of Alvarez et al. (2010), Rodrigues et al., 
(2011), Pagliuca et al. (2006), Karabasanavar and Singh, (2012), Salas et al. (2003) and 
Roothwell et al. (2001).  
Pesticide residues from new chemistry group are less persistant as compred to 
organochlorine and pyrethroid residues and are not bio-accumulated in food chain. These 
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residues have fewer chances to be found in milk/fodder. Various scientists have reported 
acetamiprid and imidacloprid residues in food. The animal exposure to contaminated 
source is reason for their excretion in milk. Seccia et al., (2008) reported screening for 
acetamiprid, imdiacloprid, thiacloprid and thiamethoxin in milk. 
Moreover, screening of pesticide residues revealed that farm size was prominent 
factor for pesticide residues level in milk. It was analysed that large farms showed higher 
level of pesticide residues as compared to medium and small farms. It was observed that 
dermal application of pesticides in large farms was higher which may result in transfer of 
pesticide residues from skin to blood and ultimately to milk. Large farms were using 
more pesticides on fodder to have maximum production that may result higher residues. 
4.1.3. Correlation studies 
4.1.3.1. Correlation studies between organochlorine, pyrethroid pesticide residues 
against pH and fat in buffalo and cow milk 
The correlation matrix regarding fat and pH showed relationship with 
organochlorine pesticide residues in buffalo and cow milk (Table 4.7). It is obvious from 
the results that a positive correlation existed between fat and organochlorine pesticide 
residues while negative correlation between pH and organochlorine residues was 
observed except permethrin. It is apparent from the correlation studies that fat was found 
strongly positively correlated with endosulfan-sulphate (r= 0.717), α-endosulfan (r= 0.795) and 
moderate positively correlated with β-endosulfan (r= 0.633). While the positive 
correlation was observed between fat and residues of DDE (r= 0.484), γHCH (r= 0.106) 
and dieldrin (r= 0.062) in milk samples. 
It is obvious from the correlation studies that pH was found negatively correlated 
with dieldrin (r= -0.176), endosulfan-sulphate (r= -0.171), α-endosulfan (r= -0.209), β-
endosulfan (r= -0.545), DDE (r= -0.078), and γHCH (r= -0.556). 
In cow milk, it is apparent from the results that a positive correlation existed 
between fat and organochlorine pesticide residues while negative correlation between pH 
and organochlorine residues was found. It is obvious from the correlation matrix that fat 
was found strongly positively correlated with α-endosulfan (r=0.819) and moderate 
positively correlated with endosulfan-sulphate (r= 0.547), β-endosulfan (r= 0.581). It was 
noted that milk fat had weak positive correlation with dieldrin (r= 0.343), γHCH (r= 
0.219) and DDE (r= 0.003). 
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Correlation studies showed that pH was found negatively correlated with dieldrin 
(r= -0.522), endosulfan-sulphate (r= -0.016), α-endosulfan (r= -0.267), β-endosulfan (r= -0.027), 
DDE (r= -0.012) and γHCH (r= -0.173). 
The correlation matrix regarding milk fat and milk pH showed relationship with 
pyrethroid pesticide residues in buffalo and cow milk (Table 4.7). In buffalo milk, it is 
illustrated from the results that a positive correlation existed between milk fat and 
pyrethroid pesticide residues while negative correlation between pH and pyrethroid 
residues was found except fenvalerate, permethrin and cyfluthrin which were positively 
correlated with milk pH. It is apparent from the correlation studies that milk fat was found 
weakly positively correlated with bifenthrin (r= 0.128), deltamethrin(r= 0.321), 
cypermethrin (r= 0.240), fenvalerate (r=0.084), cyfluthrin(r= 0.094) and permethrin (r= 0.092).  
It is obvious from the correlation studies that pH was found negatively correlated 
with bifenthrin (r= -0.120), deltamethrin(r= -0.393), and cypermethrin(r= -0.409). 
However, positive correlation between milk pH and residues of fenvalerate (r= 0.427), 
cyfluthrin (r= 0.133) and permethrin (r= 0.129) was observed.  
In cow milk, the positive correlation existed between fat and pyrethroid pesticide 
residues except cypermethrin. While negative correlation between pH and pyrethroid 
residues were observed except deltamethrin and fenvalerate which were positively 
correlated with milk pH. The correlation studies showed that milk fat was found 
positively correlated with deltamethrin(r= 0.631), bifenthrin (r= 0.216), fenvalerate (r= 0.469), 
cyfluthrin (r= 0.290) and permethrin (r= 0.131) while negative correlation between milk 
fat and cypermethrin (r= -0.040) was observed. It is apparent from the correlation studies 
that pH was found negatively correlated with bifenthrin (r= -0.728), cypermethrin (r= -0.515), 
cyfluthrin (r= -0.415) and permethrin (r= -0.173) while deltamethrin(r= 0.031) and 
fenvalerate (r= 0.071) were found positively correlated with pH. 
4.1.3.2. Correlation studies of organophosphate, new chemistry pesticide residues 
against pH and Fat in buffalo milk 
The correlation studies (Table 4.8) illustrated a relationship of fat and pH with 
organophosphate pesticide residues in buffalo and cow milk. In buffalo milk, the positive 
correlation of fat with organophosphate pesticide residues was observed while negative 
correlation of organophosphate residues against pH was found. Correlation studies 
concluded that fat was found positively correlated with acephate (r= 0.544), malathion (r= 0.369), 
chloripyriphos (r= 0.064), monocrotophos (r= 0.515), methamedophos (r= 0.237), 
profenophos (r= 0.302) and parathion-methyl (r= 0.350). Organophosphates are not 
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strongly positively correlated fat as they are not lipophilic in nature. This positive 
correlation only due to detection of organophosphate residues was in few milk samples, 
less detection residues could not justify the correlation of residues with fat. The pH was 
found negatively correlated with acephate (r= -0.256), malathion (r= -0.195), 
chloripyriphos (r= -0.243), monocrotophos (r= -0.603), methamedophos (r= -0.682) 
profenophos (r= -0.767) and parathion-methyl (r= -0.186).  
In cow milk, the correlation study illustrated that negative correlation of fat with 
organophosphate pesticide residues except acepahte, monocrotophos and parathion-
methyl. While positive correlation between organophsophate residues and milk pH was 
found except acepahte and chlorpyriphos.  Correlation studies showed that fat was found 
negatively correlated with malathion (r= -0.490), chlorpyriphos (r= -0.453), 
methamedophos (r= -0.421) and profenophos (r= -0.063) while weak positive correlation 
between milk fat and acephate (r= 0.070), parathion-methyl, (r= 0.269) and 
monocrotophos. (r= 0.101). Organophosphates are not strongly positively correlated fat as 
they are non-lipophilic in nature.  
The pH was found positively correlated with malathion (r= 0.074), 
monocrotophos (r= 0.165), methamedophos (r= 0.322) profenophos (r= 0.395) and 
parathion-methyl (r= 0.322) while negative correlation between milk pH and residues of 
acephate (r= -0.145), chlorpyriphos (r= -0.349) was observed. 
The correlation studies (Table 4.8) explained a relationship of fat and pH with 
new chemistry pesticide residues in buffalo and cow milk. In buffalo milk, new chemistry 
pesticide residues have negative correlation with fat.  
While pH showed negative and positive with new chemistry residues.  It is 
apparent from correlation studies that fat was found negatively correlated with 
acetamiprid (r= -0.298) and imidacloprid (r= -0.317). The pH was found positively 
correlated with acetamiprid (r= 0.494) while negatively correlated with imidacloprid 
(r= -0.91).  
The correlation studies in cow milk concluded that new chemistry pesticide 
residues had negative and positive correlation with fat while positive correlation existed 
between new chesmistry residues and pH.  It is obvious from correlation studies that fat 
was found negatively correlated with acetamiprid (r= -0.435) and positively with 
imidacloprid (r= 0.238). The pH was found positively correlated with acetamiprid 
(r= 0.036) and imidacloprid (r= 0.162). 
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Discussion 
Pesticide residues have definite relation with fat and other milk components. 
Organochlorine and pyrethroid residues are determined from extracted milk fat, which 
shows that these residues are stored in fat and have positive co-relation with fat. The 
present results of correlation between fat and organochlorine, pyrethroid residues are also 
in agreement that fat is positively correlated with residues level. The pH of milk is 
negatively correlated with pesticide residues.  
Milk fat globule is composed of triglycerides, animal need dietary intake for the 
preparation of fat globule, positive correlation of fat and organochlorine suggested that 
with fatty acids from fodder/feed lipophilic pesticides may also transferred to milk. The 
pH may also affect the transfer of pesticide residues form fodder to milk. So the dietary 
intake may influence the pesticide residues content in milk. Fodder/feed highly 
contaminated with pesticide residues may transfer higher pesticide residues to animals as 
compared to less contaminated. Correlation studies suggested that milk with more fat has 
high pesticide residues as organochlorines/pyrethroids are lipophilic and move from 
blood to milk with fatty acids if animal fed on contaminated fodder/feed.  
The present study of correlation is in close agreement with findings of Aslam et 
al. (2013). They found positive correlation between fat and Σ-HCH (with r= 0.88), Σ-
DDT (r= 0.48); and negative correlation between pH and Σ-HCH (r= −0.37014), Σ-DDT 
(r= −0.51187) and Σ-Endo (r= 0.05254). Organophosphate and new chemistry residues 
showed negative correlation for fat and pH. Some organophosphate pesticide residues and 
new chemistry pesticide residues also showed positive correlation for fat, this is due to 
their detection in few collected milk samples which can‟t explain exact relation. 
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Table 4.8:  Correlation coefficients of fat and pH for organochlorine and 
pyrethroid pesticide residues in buffalo and cow milk 
Organochlorine 
residues Buffalo Dairy Farms Cow Dairy Farms 
Fat pH Fat pH 
Dieldrin 0.062 -0.176 0.343 -0.552 
Endosulfan-
sulphate 
0.717 -0.171 0.547 -0.016 
α-endosulfan 0.795 -0.209 0.819 -0.267 
β-endosulfan 0.633 -0.545 0.581 -0.027 
DDE 0.484 -0.078 0.003 -0.012 
DDT - - - - 
γHCH 0.106 -0.556 0.219 -0.507 
Pyrethroid residues  
Bifenthrin 0.128 -0.120 0.216 -0.728 
Deltamethrin 0.321 -0.393 0.631 0.031 
Cypermethrin 0.240 -0.409 -0.040 -0.515 
Fenvalerate 0.084 0.427 0.469 0.071 
Cyfluthrin 0.094 0.133 0.290 -0.415 
Permethrin 0.092 0.129 0.131 -0.173 
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Table 4.9:  Correlation coefficients of fat and pH for organophosphate and new  
  chemistry pesticide residues in buffalo and cow milk 
Organophosphate 
residues  
Buffalo Dairy Farms Cow Dairy Farms 
Fat pH Fat pH 
Acephate 0.544 -0.256 0.070 -0.145 
Malathion 0.369 -0.195 -0.490 0.074 
Chlorpyriphos 0.064 -0.243 -0.453 -0.349 
Monocrotophos 0.515 -0.603 0.101 0.165 
Methamedophos 0.237 -0.682 -0.421 0.322 
Profenophos 0.302 -0.767 -0.063 0.395 
Parathion-methyl 0.350 -0.186 0.269 0.322 
New chemistry residues  
Acetamiprid 
-0.298 0.494 -0.435 0.036 
Imidacloprid 
-0.317 -0.091 0.238 0.162 
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4.1.4 Aflatoxin screening in dairy farms 
4.1.4.1. Aflatoxin B1 (AFB1) in feed of dairy farms  
Aflatoxin B1 was screened in different feed stuff and concluded that cottonseed 
cake was found with highest aflatoxins content followed by concentrates; wheat bran, 
bread and paddy rice (Table 4.9) 
Feed samples of small, medium and large dairy farms were analysed for screening 
of AFB1 and results summarized in Table 4.10. In feed samples of small dairy farms 
maximum contamination in feed sample 3 of farm 1 (24.903 µg Kg
-1
) and minimum 
contamination (4.239 µg Kg
-1
)
 
in feed sample 17 (Farm 4) was observed. Maximum 
permitted limit for AFB1 differs with the type of feed and it ranges between 2 to 8 µg Kg
-1
 
established by EU. In feed samples of medium buffalo dairy farms, the maximum AFB1 
concentration was observed in feed sample 10 (32.334 µg Kg
-1
) obtained from farm 6. 
The minimum contamination of AFB1 was found in feed sample 2 (4.350 µg Kg
-1
) of 
farm 5. The large buffalo dairy farms showed maximum AFB1 contamination in feed 
sample 4 of farm 8 (28.018 µg Kg
-1
) and feed sample 14 (8.989 µg Kg
-1
) of farm 10 
showed minimum AFB1 contamination. 
The  AFB1 analysis in feed samples of small, medium and large cow dairy farms 
showed that all farms were found contaminated with AFB1 (Table 4.11). In feed samples 
of small dairy farms maximum contamination in feed sample 8 of farm 2 (32.554 µg Kg
-1
) 
and minimum contamination 4.120 µg Kg
-1
 in sample 3 (Farm 1) was found. Maximum 
permitted limit for AFB1 differs depending on type of feed ranges between 2 to 8 µg Kg
-1 
established by EU. In feed samples of medium cow dairy farms AFB1 was observed 
maximum in feed sample 2 of farm 5 (24.038 µg Kg
-1
). The feed sample 3 (8.558 µg Kg
-1
) 
collected from farm 7 showed minimum AFB1 contamination. The feed samples of large 
cow dairy farms showed maximum AFB1 contamination in feed sample 8 of farm 9 
(12.881 µg Kg
-1
) and feed sample 14 of farm 10 showed minimum (4.003µg Kg
-1
) AFB1 
contamination.  
Discussion 
Subtropical climatic conditions of countries like Pakistan; high temperature and 
humidity favor‟s the fungus growth on stored plants (Azad et al., 2014). The fungus 
produces different toxins on stored plants/fodder, thus toxins are carried to animal 
through contaminated fodder and ultimately secreted in milk as AFM1. The variation in 
concentration of AFB1 in feed samples of different dairy farm can be attributed to 
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difference in feed type given to animal. The seasonal variation can also influence 
concentration of AFB1 in feed samples. Properly stored silage and hay samples showed 
minimum contamination of aflatoxin B1, while farms which feed dry bread showed 
maximum contamination. Samples that were taken in summer rainy season showed higher 
contamination as compared to samples in winter. The water content in air during rainy 
season is increased which is suitable for fungus growth. The presence of aflatoxins in 
feed is justified with different type of feed and storage conditions prevailing in dairy 
farms. Dairy farms with good storage conditions showed low contamination and farms 
with inappropriate storage showed high concentration of AFB1 contamination. The 
practice of using processed feed and silage or hay rather than fresh fodder makes feed 
contamination with AFB1 higher. As fresh fodder is not stored and harvested on daily 
basis therefore it has less chances of possible contamination with AFB1 as compared to 
stored feed.  
 The present results are in close agreement with findings of Karami-Osboo et al. 
(2012). They screened 373 feed samples by CD-ELISA for aflatoxin B1 and concluded 
that the contamination rate was 100% in maize samples. The 100% contamination of feed 
samples in present study may be due to poor storage conditions. The present study is 
supported by findings of Pleadin et al. (2014), they studied aflatoxin B1 in dairy cattle 
feed in Croatia, 325 feed samples were analysed and the mean value for AFB1 was 
8.41 µg Kg
-1
. Han et al., (2013) screened 200 feeds samples in China, 42% of the samples 
found contaminated with AFB1. Liu et al., (2013) studied 36 food and feed samples by 
ELISA and revealed that 20 are contaminated with AFB1 from 1.3 to 234 µg Kg
-1
.  
4.1.4.2. Aflatoxin M1 in milk of buffalo dairy farms 
The analysis of AFM1 in milk samples of buffalo dairy farms depicted that all 
type of farms (small, medium and large dairy farms) was found contaminated with 
AFM1(Table 4.12). In small dairy farms maximum contamination of AFM1 in milk 
sample 2 of farm 1 (0.1082 µg L
-1
) and minimum 0.0324 µg L
-1
 in milk sample 17 (farm 
4) was quantified.  
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Table 4.10: AflatoxinB1 in different feed stuff 
Samples 
Total samples Contaminated 
samples (%) 
Aflatoxin B1 
 (µg Kg
-1
) 
Cotton seed 
cake 
20 100 
180.12 
Concentrates 20 95 150.24 
Wheat bran 20 65 87.31 
Bread 20 7 25.12 
Paddy straw 20 4 17.24 
Wheat straw 20 0 0 
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Table 4.11: Aflatoxin B1 distribution in feed of buffalo dairy farms 
Samples 
Small 
(µg Kg
-1
) 
Medium 
(µg Kg
-1
) 
Large 
(µg Kg
-1
) 
1 16.821±0.617 8.743±0.260 20.316±0.841 
2 24.576±0.609 4.350±0.397 24.723±0.886 
3 24.903±0.807 16.804±0.559 20.132±0.441 
4 20.023±0.486 8.507±0.662 28.018±0.825 
5 12.272±0.403 12.355±0.487 24.637±0.453 
6 20.578±0.968 16.247±0.431 20.922±0.478 
7 20.809±0.408 24.426±0.825 24.290±0.833 
8 16.274±0.643 20.727±0.836 12.871±0.407 
9 20.817±0.781 28.648±0.845 20.259±0.811 
10 8.670±0.384 32.334±0.842 24.360±0.859 
11 4.908±0.184 8.818±0.470 20.141±0.480 
12 8.688±0.197 12.514±0.409 16.326±0.403 
13 8.928±0.291 4.514±0.468 12.848±0.400 
14 12.689±0.577 12.176±0.495 8.989±0.402 
15 12.359±0.494 8.554±0.472 12.983±0.412 
16 8.219±0.351 X X 
17 4.239±0.465 X X 
18 8.499±0.577 X X 
19 4.322±0.486 X X 
20 8.472±0.367 X X 
Small dairy farms (Farm1= sample 1-5), (Farm 2= sample 6-10), (Farm 3= sample 11-15), (Farm 4= sample 16-20) 
Medium dairy farms (Farm5= sample 1-5), (Farm 6= sample 6-10), (Farm 7= sample 11-15) 
Large dairy farms (Farm8= sample 1-5), (Farm 9= sample 6-10), (Farm 10= sample 11-15) 
Small dairy farms (n=20), medium dairy farm (n=15), large dairy farms (n=15); n= number of samples collected 
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Table 4.12: Aflatoxin B1 distribution in feed of cow dairy farms 
Samples 
Small 
(µg Kg
-1
) 
Medium 
(µg Kg
-1
) 
Large 
(µg Kg
-1
) 
1 4.787±0.541 
15.436±0.430 
 
12.823±0.419 
 
2 4.467±0.471 
24.038±0.321 
 
8.717±0.382 
 
3 4.120±0.363 
16.764±0.652 
 
12.347±0.448 
 
4 4.906±0.417 
12.639±0.620 
 
8.823±0.484 
 
5 12.515±0.667 
16.480±0.581 
 
12.595±0.673 
 
6 20.406±0.770 
12.921±0.537 
 
8.014±0.435 
7 28.324±1.217 
8.871±0.472 
 
8.067±0.518 
 
8 34.554±0.874 
12.594±0.633 
 
12.881±0.528 
 
9 28.478±0.994 
16.604±0.624 
 
4.275±0.292 
 
10 24.807±0.852 
12.236±0.599 
 
12.392±0.429 
 
11 4.140±0.454 
32.381±0.423 
 
12.734±0.378 
 
12 8.373±0.559 
12.772±0.380 
 
4.781±0.597 
 
13 4.729±0.426 
8.558±0.537 
 
4.981±0.485 
 
14 8.626±0.587 
8.678±0.418 
 
4.003±0.364 
 
15 8.640±0.358 
8.606±0.381 
 
4.325±0.403 
 
16 8.821±0.413 X X 
17 12.412±0.430 X X 
18 12.322±0.476 X X 
19 12.300±0.482 X X 
20 12.634±0.452 X X 
Small dairy farms (Farm1= sample 1-5), (Farm 2= sample 6-10), (Farm 3= sample 11-15), (Farm 4= sample 16-20) 
Medium dairy farms (Farm5= sample 1-5), (Farm 6= sample 6-10), (Farm 7= sample 11-15) 
Large dairy farms (Farm8= sample 1-5), (Farm 9= sample 6-10), (Farm 10= sample 11-15) 
Small dairy farms (n=20), medium dairy farm (n=15), large dairy farms (n=15); n= number of samples collected 
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In small dairy farms, all milk samples of farm 1, 2 and 3 except milk sample 10 
(farm 3), 11, 12 and 13 (farm 4) exceeded the maximum permitted limit 0.05 µg L
-1
 
established by EU.  
In medium buffalo dairy farms AFM1 was observed maximum in milk sample 8 
of farm 6 (0.1148 µg L
-1
) while milk sample 1 of farm 5 showed minimum (0.0370 µg L
-1
) 
AFM1 contamination. In medium dairy farms mean value of contaminated milk sample 
from farm 5, 6 exceeded the maximum permitted limit.  The presence of aflatoxins M1 in 
milk is justified with contaminated source of feed and poor storage conditions prevailing 
in dairy farms.  
Large buffalo dairy farms showed maximum AFM1 contamination in milk sample 
2 of farm 8 (0.1103 µg L
-1
) and milk sample 14 of farm 10 showed minimum (0.0415 µg L
-1
) 
AFM1 contamination. In large buffalo dairy farms, all milk samples except sample 14 
from farm 10 exceeded the maximum permitted limit of AFM1.  
4.1.4.3. Aflatoxin M1 in milk of cow dairy farms 
The milk samples of small, medium and large cow dairy farms was screened for 
contamination of AFM1 and found that all milk samples were contaminated with AFM1 
(Table 4.13). In milk samples of small dairy farms maximum contamination of AFM1 in 
milk sample 8 of farm 2 (0.1388 µg L
-1
) was noted and minimum (0.0241 µg L
-1
) 
contamination of AFM1 in milk sample 1 (Farm 1) was observed. The milk samples of 
small dairy farm 2 and milk samples 4, 5 (farm 1) and 18, 20 (farm 4) exceeded the 
maximum permitted limit 0.05 µg L
-1
 established by EU.  
In milk samples of medium cow dairy farms AFM1 was observed maximum in 
milk sample 5 of  farm 5 (0.0864 µg L
-1
) and milk sample 7 of farm 6 was  found with 
minimum (0.0388 µg L
-1
) contamination of AFM1. In medium dairy farms all milk 
samples except milk samples 6, 7, 8 (farm 6) and 14, 15 (farm 7) exceeded the maximum 
permitted limit.   
Large cow dairy farms showed maximum AFM1 contamination in milk sample 5 
of farm 8 (0.0746 µg L
-1
) and milk sample 15 (0.0394 µg L
-1
) collected from farm 10 
showed minimum contamination of AFM1. In large cow dairy all milk samples of farm 8, 
farm 9 (6, 7, 8 milk samples) and farm 10 (11, 13 milk samples) exceeded the maximum 
permitted limit of AFM1.  
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Table 4.13: Aflatoxin M1 distribution in buffalo dairy farms 
Samples 
Small  
(µg Kg
-1
) 
Medium  
(µg Kg
-1
) 
Large  
(µg Kg
-1
) 
1 0.0787±0.001 0.0370±0.002 0.0988±0.001 
2 0.1082±0.0001 0.0478±0.0001 0.1103±0.03 
3 0.0972±0.002 0.0676±0.002 0.0863±0.001 
4 0.0661±0.003 0.0593±0.01 0.1055±0.002 
5 0.0569±0.012 0.044733±0.001 0.1018±0.0031 
6 0.0959±0.00 0.0790±0.003 0.0749±0.006 
7 0.0785±0.001 0.0868±0.01 0.085±0.001 
8 0.0694±0.03 0.1148±0.002 0.0641±0.002 
9 0.0885±0.001 0.0993±0.001 0.0942±0.003 
10 0.0483±0.004 0.1097±0.01 0.1100±0.002 
11 0.0421±0.001 0.040854±0.001 0.0745±0.021 
12 0.0401±0.002 0.05245±0.01 0.0645±0.001 
13 0.0412±0.0001 0.03541±0.008 0.0542±0.0001 
14 0.0512±0.06 0.0441±0.01 0.0415±0.003 
15 0.0501±0.07 0.0381±0.02 0.0594±0.002 
16 0.0341±0.0001 X X 
17 0.0324±0.002 X X 
18 0.0385±0.001 X X 
19 0.0342±0.002 X X 
20 0.0355±0.0001 X X 
Small dairy farms (Farm1= sample 1-5), (Farm 2= sample 6-10), (Farm 3= sample 11-15), (Farm 4= sample 16-20) 
Medium dairy farms (Farm5= sample 1-5), (Farm 6= sample 6-10), (Farm 7= sample 11-15) 
Large dairy farms (Farm8= sample 1-5), (Farm 9= sample 6-10), (Farm 10= sample 11-15) 
Small dairy farms (n=20), medium dairy farm (n=15), large dairy farms (n=15); n= number of samples collected 
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Table 4.14: Aflatoxin M1 distribution in cow dairy farms 
Samples 
Small 
(µg Kg
-1
) 
Medium 
(µg Kg
-1
) 
Large 
(µg Kg
-1
) 
1 0.0241±0.0057 0.0734±0.002 0.0515±0.001 
2 0.0352±0.003 0.0862±0.001 0.0531±0.001 
3 0.0270±0.0004 0.0671±0.002 0.0612±0.003 
4 0.0514±0.001 0.0742±0.002 0.0555±0.0001 
5 0.0602±0.001 0.0864±0.001 0.0746±0.004 
6 0.0937± 0.008 0.0496±0.003 0.0634±0.002 
7 0.126±0.0001 0.0388±0.001 0.0549±0.002 
8 0.1388±0.007 0.0473±0.001 0.0510±0.001 
9 0.1231±0.001 0.0598±0.003 0.0425±0.0001 
10 0.0895±0.01 0.0689±0.007 0.0446±0.004 
11 0.0310±0.0001 0.0635±0.002 0.0541±0.0007 
12 0.0354±0.002 0.0563±0.005 0.0415±0.0008 
13 0.0384±0.003 0.0642±0.0009 0.0521±0.001 
14 0.0364±0.007 0.0497±0.001 0.0401±0.001 
15 0.0394±0.0001 0.0389±0.0001 0.0394±0.0009 
16 0.0434±0.002 X X 
17 0.0494±0.0004 X X 
18 0.0511±0.002 X X 
19 0.0485±0.001 X X 
20 0.0521±0.003 X X 
Small dairy farms (Farm1= sample 1-5), (Farm 2= sample 6-10), (Farm 3= sample 11-15), (Farm 4= sample 16-20) 
Medium dairy farms (Farm5= sample 1-5), (Farm 6= sample 6-10), (Farm 7= sample 11-15) 
Large dairy farms (Farm8= sample 1-5), (Farm 9= sample 6-10), (Farm 10= sample 11-15) 
Small dairy farms (n=20), medium dairy farm (n=15), large dairy farms (n=15); n= number of samples collected 
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Discussion 
Milk samples of buffalo dairy farms were found 100% contaminated with AFM1 
(Table 4.14). 50 milk samples of each buffalo and cow were taken for screening of AFM1 
and their comparison with the maximum allowed limit of AFM1 was carried out.  
In small buffalo dairy farms AFM1 contamination was in range of 0.0324 to 
0.01082 µg L
-1
 and out of 20 milk samples 12 samples exceeded the maximum allowed limit 
(0.05 µg L
-1
). Medium buffalo dairy farms were found contaminated with AFM1 at 
contamination rate of 100% with range of 0.0354 to 0.01148 µg L
-1
. Out of 15 milk 
samples of medium dairy farm 8 samples exceeded the maximum allowed limit (0.05 µg L
-
1
). All samples in large buffalo dairy farms were found contaminated with AFM1 in range 
of 0.0415 to 0.01103 µg L
-1
. In large dairy farms 14 milk samples out of 15 were 
exceeded the maximum allowed limit (0.05 µg L
-1
).  
The milk samples of cow dairy farms were found 100% contaminated with AFM1 
(Table 4.15). 50 milk samples were taken for screening of AFM1 and were compared 
with the maximum allowed limit of AFM1. In small cow dairy farms AFM1 contamination 
was in range of 0.0241 to 0.1388 µg L
-1
. Out of 20 milk samples 9 samples of small dairy 
farm exceeded the maximum allowed limit (0.05 µg L
-1
). Medium cow dairy farms were 
found contaminated with AFM1 at contamination rate of 100% with range of 0.0388 to 
0.0864 µg L
-1
. Out of 15 milk samples of medium dairy farm 10 samples exceeded the 
maximum allowed limit (0.05 µg L
-1
). All samples in large cow dairy farms were found 
contaminated with AFM1 in range of 0.0394 to 0.0746 µg L
-1
. In large dairy farms 5 milk 
samples out of 15 exceeded the maximum allowed limit (0.05 µg L
-1
).   
Milk samples exceeded the maximum allowed limit in dairy farms also showed 
higher concentration AFB1 in feed. After consumption of aflatoxin B1 via feed, a fraction 
of it is degraded in dairy animal‟s rumen. Until its secretion in the milk, bile or urine the 
aflatoxin M1 circulates in the blood as it is a stable compound. AFM1 contamination in 
milk is due exposure of animal to contaminated feed, fodder, silage or hay and water. 
AFM1 presence in milk shows inadequate storage condition for feed, lack of awareness 
and management of farmers. Variation in contamination of AFM1 within a dairy farm and 
dairy farms is due to variation in contamination of external source (feed) given to 
animals. Silage, hay samples that was stored by farmer in good conditions showed 
minimum contamination of afaltoxin B1 ultimately low AFM1 while farms which feed 
dry bread showed maximum contamination of AFB1 resulting higher AFM1. Milk 
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samples that were taken in summer rainy season showed higher contamination as 
compared to samples in winter.  
The results from the existing examine was stated as helpful for the execution 
regarding regulating restriction for aflatoxin B1 so that to reduce or evade the AFM1 in 
whole milk as well as in the dairy products in Pakistan. The results also provided 
awareness that whether the incidence of AFM1 in the milk products had been regarded as 
a likely danger for consumer‟s health. 
The results are in close agreement with study of Kara and Ince, (2014). They 
analysed 126 buffalo milk samples out which 34 samples were found contaminated with 
mean value of 0.035 µg L
-1
. Iqbal and Asi (2013) also reported similar results, they 
analyzed 97 samples of buffalo milk and found that 93 % samples were positive for the 
presence of AFM1 contamination. The present results are in accordance with the findings 
of Hussain et al. (2008). They analyzed 40 samples of semi urban buffaloes of medium 
herd size and 21 (52.5 %) samples were found positive for aflatoxin M1 contamination 
with mean level of 0.075±0.130 µg L
-1
. Motawee et al. (2004) also reported that buffalo 
milk samples contamination with AFM1. The results of cow milk contamination with 
AFM1 are close to the findings of Kamkar (2005) who analyzed 9 samples in the month 
of June and reported their contamination with AFM1. The present results are also in line 
with Ghanem and Orfi (2009). They reported that 95 % of studied samples were found 
contaminated with the AFM1 levels varying from 0.020 - 0.690 µg L
-1
. Asi et al. (2012) 
reported similar results they found that 11 out of 12 analyzed cow milk samples collected 
in the morning time were found contaminated with AFM1. Similar results were reported 
by Fallah et al. (2011). They found that 74 (84.1 %) samples were positive out of 88 
analyzed samples of raw cow milk ranging from 0.0130-0.394 µg L
-1
 with a mean of 
0.052 µg L
-1
. The results are in line with the results reported by Dashti et al. (2009). Their 
results demonstrated that every fresh milk sample was toxified with AFM1 ranging from 
0.0049 - 0.0687 µg kg
-1
. Rahimi et al. (2010) reported the same results after analysis of 
75 samples and found 59 (77 %) sample were positive for AFM1 contamination with a 
mean of 0.0601±0.0574 µg L
-1
. The results are also similar with the findings of Assem et 
al. (2011). They reported 73.6% contamination rate with AFM1 concentration ranging 
between 0.0263-0.126 µg L
-1
 with a mean of 0.0604 µg L
-1
. 
4.1.5. Pesticides selected for Phase II 
The pesticide residues exceeded MRL in phase I were selected for phase II to 
check the effect of processing on pesticide residues (Table 4.16). 50 milk samples for 
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each buffalo and cow dairy farms were screened for pesticide residues with frequency of 
20,15,15 milk samples were collected from small, medium and large dairy farms, 
respectively. In buffalo dairy farms 12 milk samples out 15 milk sample of medium 
buffalo dairy farm and 9 milk samples of large farms out 15 exceeded the MRL (50 µg 
Kg
-1) of β-endosulfan while in cow dairy farms 7 milk samples of medium farm out of 15 
samples, while no milk sample of large dairy farm exceeded the MRL. In buffalo dairy 
farms 3, 9 and 5 milk samples of small, medium and large farms out of 15 milk samples,  
respectively exceeded the MRL (20 µg Kg
 -1
)  of cyfluthrin while in cow dairy farms 4,3 
milk samples of medium and large dairy farm out 15 milk samples, respectively exceeded 
their MRL. In case of fenvalerate, 9 milk samples of medium buffalo dairy farms out of 
15 milk samples,  respectively exceeded MRL (20 µg Kg
 -1
) of fenvalerate while in cow 
dairy farms 5,4 milk samples of medium and large dairy farm exceeded their MRL. 8 
milk samples of medium buffalo dairy farms exceeded the MRL (50 µg Kg
 -1
) of 
deltamethrin out 15 milk samples, while no sample of cow dairy farms exceeded the 
MRL. In buffalo dairy farms 13, 4 milk samples of medium and large farms,  respectively 
exceeded their MRL (50 µg Kg
 -1
) of permethrin while in cow dairy farms no milk 
samples of small, large dairy farms and 5 milk samples of medium exceeded their MRL. 
In buffalo dairy farms 4, 10, 10 milk samples of small, medium, large farms  respectively 
exceeded MRL (1.0 µg Kg
 -1) of γ HCH while in cow dairy farms 10 milk samples of 
small out 20 samples, 10 milk samples of medium out of 15 sampels, 8 milk sample of 
large dairy farm out 15 samples exceeded the MRL. β-endosulfan, cyfluthrin, fenvalerate, 
deltamethrin, permethrin and γHCH with their respective farms (for milk sample 
collection) were selected for the phase II.  
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Table 4.15: Comparison of AFM1 with MPL in milk of buffalo dairy farms 
Farm Total 
Samples 
Positive 
Samples 
Contamination 
Rate (%) 
>MPL >MPL 
(%) 
Range (µg L
-1
) 
S 20 20 100 12 60 0.0324 - 0.1082 
M 15 15 100 8 54 0.0354 - 0.1148 
L 15 15 100 14 94 0.0415 - 0.1103 
S= small dairy farms, M= medium dairy farms, L= large dairy farms 
MPL= Maximum permissible limit 
 
Table 4.16: Comparison of AFM1 with MPL in milk of cow dairy farms 
Farm Total 
Samples 
Positive 
Samples 
Contamination 
Rate (%) 
>MPL >MPL 
(%) 
Range (µg L
-1
) 
S 20 20 100 9 45 0.0241 - 0.1388 
M 15 15 100 10 67 0.0388 - 0.0864 
L 15 15 100 5 33 0.0394 - 0.0746 
S= small dairy farms, M= medium dairy farms, L= large dairy farms 
MPL= Maximum permissible limit 
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Table 4.17: Pesticide residues exceeding their MRL in milk 
Pesticide 
Residues 
MRL 
 
µg Kg
 -1
 
Buffalo Dairy Farms Cow Dairy Farms 
Small 
>MRL 
Medium 
>MRL 
Large 
>MRL 
Small 
>MRL 
Medium 
>MRL 
Large 
>MRL 
β-endosulfan 50 0 12 9 0 7 0 
Cyfluthrin 20 3 9 5 0 4 3 
Fenvalerate 20 0 9 0 0 5 4 
Deltamethrin 50 0 8 0 0 0 0 
Permethrin 50 0 13 4 0 0 0 
γHCH 1 10 10 10 10 10 8 
MRL= Maximum residual limit 
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4.2. Phase II (Fate of pesticide residues during milk processing)  
The phase II was planned on basis of results obtained from the phase I, pesticide 
that were exceeded their MRLs were selected to estimate their fate during processing 
(pasteurization, cream separation or skimming). This phase was further divided into two 
subgroups study-1 and study-2. 
Study-1 
In study-1, milk was fortified with selected pesticides and was pasteurized, cream 
was separated or skimmed to check the effect of processing on dissipation of pesticide 
residues. 
4.2.1. Physicochemical analysis 
Milk was analysed for physicochemical analysis are given in Table 4.17 and 4.18 
for dairy farms. 
4.2.1.1. Buffalo dairy farms 
 In buffalo dairy farms pH 6.68 was found highest in milk of farm 2 and lowest 
were 6.51 in farm 6. Fat was observed maximum (8.00 %) in milk of farm 6 and lowest 
(5.70 %) in farm 8.  Farm 5 showed highest protein 4.71 % and farm 8 contained 
lowest (4.23 %) protein. Lactose was found highest 5.23 % in milk of farm 10 and lowest 
lactose 5.09 % calculated in farm 4. Solid not Fat (SNF) was observed at maximum 9.91 
% in farm 9 and minimum 9.49 % in farm 3. Total solids were observed highest 17.87 % 
in milk of farm 6 and lowest 15.18 % in farm 8. 
4.2.1.2. Cow Dairy Farms 
 In cow dairy farms pH 6.65 was found highest in milk of farm 9 and lowest were 
6.54 found in farm 7. Fat was observed maximum (6.00 %) in milk of farm 4 and lowest 
(4.70 %) was found in farm 8.  Farm 4 showed highest protein 3.67 % and farm 7 showed 
lowest 3.22 % protein. Lactose was analysed highest 4.38 % in milk from farm 6 and 
lowest 4.20 % in farm 5. Solid not Fat (SNF) was observed at maximum 8.04 % in milk 
of farm 8 and minimum 7.51% in was found farm 7. Total solids were observed highest 
13.99 % in milk of farm 4 and lowest 12.26 % of farm 10. 
4.2.2. Effect of processing on pesticide fortified milk 
4.2.2.1. Fortified cyfluthrin in milk 
The mean squares showed that treatments (pasteurization, cream separation or 
skimming) effect on reduction of pesticides residues of cyfluthrin in species (Cow and 
Buffalo) is non-significant (Table 4.19). 
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Table 4.18: Physicochemical analysis for buffalo dairy farms 
Farms pH Fat% Protein% Lactose% SNF% Total Solids% 
1 6.56±0.11 7.10±1.13 4.36±1.03 5.20±1.01 9.56±1.00 16.66±1.00 
2 6.68±0.05 6.70±1.20 4.31±1.14 5.21±1.10 9.52±1.02 16.22±1.08 
3 6.60±0.09 7.30±1.08 4.38±1.12 5.11±1.04 9.49±1.04 16.79±1.18 
4 6.64±0.04 7.60±0.97 4.42±1.01 5.09±1.02 9.51±1.04 17.11±1.10 
5 6.59±0.05 7.30±1.10 4.71±1.04 5.10±1.20 9.81±0.91 17.11±1.11 
6 6.51±0.10 8.00±1.01 4.57±1.10 5.30±1.14 9.87±1.11 17.87±1.08 
7 6.57±0.12 6.10±1.10 4.59±1.14 5.31±1.11 9.90±1.14 16.00±1.05 
8 6.64±0.07 5.70±1.10 4.23±1.11 5.25±1.01 9.48±1.10 15.18±1.10 
9 6.66±0.04 6.10±1.21 4.64±0.99 5.27±1.00 9.91±1.13 16.01±1.21 
10 6.59±0.06 5.90±1.30 4.37±1.01 5.32±1.00 9.69±1.01 15.59±1.14 
Buffalo dairy farms 
1=Fareedi Dairy Farm   
2=Al-Rehman Dairy Farm 
3=Rana Ilyas Dairy Farm 
4=Noon Dairy Farm 
5=Ramzan Dairy Farm 
6=Babar Dairy Farm 
7=Jaspal Dairy Farm 
8=Ghulam Rasool Dairy Farm 
9=Muhammad Ali Dairy Farm 
10=Bashir Dairy Farm 
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Table 4.19: Physicochemical analysis for cow dairy farms 
 
Farms pH Fat% Protein% Lactose% SNF% Total Solids% 
1 6.61±0.04 5.30±1.00 3.34±1.00 4.36±1.01 7.70±1.00 13.00±1.00 
2 6.62±0.08 5.60±1.02 3.23±1.15 4.32±1.10 7.55±1.15 13.15±1.12 
3 6.58±0.11 5.70±1.11 3.45±1.10 4.30±1.15 7.75±1.13 13.45±1.27 
4 6.57±0.08 6.00±1.15 3.67±1.21 4.32±1.20 7.99±1.01 13.99±1.26 
5 6.63±0.07 5.70±1.18 3.56±0.95 4.20±1.21 7.76±1.08 13.46±1.20 
6 6.59±0.05 5.9±1.17 3.64±1.10 4.38±1.02 8.02±1.05 13.92±1.16 
7 6.54±0.09 5.1±1.12 3.22±1.10 4.29±1.07 7.51±1.10 12.61±1.18 
8 6.62±0.04 4.7±1.05 3.72±1.02 4.32±1.12 8.04±1.11 12.74±1.19 
9 6.65±0.05 4.8±1.12 3.35±0.98 4.27±1.31 7.62±1.12 12.42±1.23 
10 6.61±0.10 4.5±1.09 3.4±1.15 4.35±1.11 7.76±1.15 12.26±1.32 
Cow dairy farms 
1= Chawala Dairy Farm 
2= Bilal Rasheed Dairy Farm 
3= Sar Buland Dairy Farm 
4= Abdul Razzaq Dairy Farm 
5= Hammad Shah Dairy Farm 
6= Mian Siddique Dairy Farm 
7= Rana Naeem Dairy Farm 
8= Saeed Dairy Farm 
9= Haji Rasheed Dairy Farm 
10= Umar Sharif Dairy Farm 
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Milk from dairy farms was screened for cyfluthrin residues and fortified with 
cyfluthrin. Cyfluthrin fortified milk was analysed for cyfluthrin to check the level of 
fortified residues in milk. Fortified milk was pasteurized, skimmed to check their effect 
on dissipation cyfluthrin residues (Table 4.20). 
Pasteurized buffalo milk showed maximum residues 18.70 µg Kg
-1
 in farm 3 
while minimum residues (17.70 µg Kg
-1
) in milk samples of buffalo farm 5 were 
observed. Buffalo dairy farm 1 showed maximum residues 20.00 µg Kg
-1
 in prepared 
cream and minimum residues 18.50 µg Kg
-1
 in farm 5 were noted. Cyfluthrin residues 
were found maximum (1.40 µg Kg
-1
) in skim milk of farm 5 and minimum residues (0.92 
µg Kg
-1
) were observed in farm 1. 
Cyfluthrin residues dissipation was analyzed under pasteurization, skimming in 
fortified cow milk of different farms. After pasteurization maximum residues were found 
in farm 1 (19.40 µg Kg
-1
) and minimum residues (17.60 µg Kg
-1
) were found in farm 4, 5. 
Cream showed maximum residues 21.00 µg Kg
-1
 (farm 1) and minimum residues 18.90 
µg Kg
-1
 were found in farm 4. Cyfluthrin residues maximum 1.00 µg Kg
-1
 were found in 
skim milk of farm 1 and minimum residues 0.30 µg Kg
-1
 were found in farm 2.      
4.2.2.2. Fortified deltamethrin in milk 
The mean squares revealed that effect of processing (pasteurization, cream 
separation and skimming) in species on deltamethrin residues non-significant (Table 
4.21).   
Farm milk was screened for deltamethrin before and after fortification with 
deltamethrin. Effect of pasteurization and skimming on deltamethrin residues were 
analysed (Table 4.22).  
In buffalo dairy farms, pasteurized milk of farm 2 showed maximum residues 
(47.90 µg Kg
-1
) and farm 3 showed minimum residues (43.40 µg Kg
-1
) after 
pasteurization. Cream prepared from milk of farm 2 contained maximum residues (50.80 
µg Kg
-1
) while cream from milk samples of farm 5 was with minimum residues (47.20 µg 
Kg
-1
). Skim milk prepared from milk samples of farm 5 showed maximum residues (1.80 
µg Kg
-1
) and skim milk from farm 2 showed minimum residues 0.20 µg Kg
-1
. 
In cow dairy farms, quantification for residues of pasteurized milk explained that 
milk samples of farm 5 contained maximum residues (47.80 µg Kg
-1
) and minimum 
residues (43.70 µg Kg
-1
) was found in pasteurized milk of farm 3. 
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Table 4.20: Mean squares for fortified cyfluthrin residues in milk 
SOV DF Raw Fortified Pasteurization Cream Skimmed 
Specie 1 0.003
NS
 0.192
 NS
 0.027
 NS
 1.071
NS 
1.32
NS 
Error 28 0.00086 0.477 0.335 0.492 0.054 
Total 29      
NS
= Non Significant (p>0.05) 
 
Table 4.21: Effect of processing on fortified cyfluthrin residues in milk 
Dairy Farms 
Raw 
(µg Kg
-1
) 
Fortified 
(µg Kg
-1
) 
Pasteurization 
(µg Kg
-1
) 
Cream 
(µg Kg
-1
) 
Skim milk 
(µg Kg
-1
) 
Buffalo 
1 0.02 21.00±0.8 18.40±1.51 20.00±0. 12 0.92±0.12 
2 0.00 20.00±1.08 18.00±1.42 19.00±0. 11 0.94±0.10 
3 0.00 21.00±0.90 18.70±0.97 19.90±0.74 1.00±0.11 
4 0.00 20.00±1.02 17.90±0.81 18.90±0. 81 1.10±0.08 
5 0.00 20.10±1.00 17.70±1.21 18.50±1.02 1.40±0.09 
Cow 
1 0.00 21.10±1.13 19.40±1.41 21.00±1. 04 1.00±0.14 
2 0. 10 21.00±1.21 18.60±1.01 19.80±1.08 0.30±0.01 
3 0.00 20.00±1.07 17.80±0.79 19.50±0.87 0.40±0.01 
4 0.00 19.90±0.87 17.60±1.09 18.90±1.12 0.70±0.02 
5 0.00 20.00±1.05 17.60±0.89 19.00±0.42 0.80±0.03 
Buffalo Dairy Farms    Cow Dairy Farms 
1= Al Rehma Dairy Farm   1= Abdul Razzaq Dairy Farm 
2= Babar Dairy Farm   2= Rana Naeem Dairy Farm 
3= Jaspal Dairy Farm   3= Saeed Dairy Farm 
4= Muhammad Ali Dairy Farm  4= Haji Rasheed Dairy 
5= Bashir Dairy Farm   5= Umar Sharif Dairy Farm 
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GC-ECD analysis for residues of cream prepared from milk illustrated that cream 
from milk samples of farm 5 contained maximum residues (49.30 µg Kg
-1
) while cream 
prepared from milk samples of  farm 1 contained minimum 48.80 µg Kg
-1
. Skim milk 
prepared from milk of farm 2 showed maximum residues 2.60 µg Kg
-1
 and milk samples 
of farm 1 showed minimum residues 1.10 µg Kg
-1
 in skim milk. 
4.2.2.3. Fortified fenvalerate residues in milk 
Pasteurization skimming and cream separation has non-significant effect on 
dissipation of pesticides residues of fenvalerate in cow and buffalo (Table 4.23). 
Fenvalerate residues were quantified by GC-ECD in milk of buffalo and cow dairy farms. 
Dissipation behavior of residues during pasteurization and skimming was analyzed (Table 
4.24).  
Buffalo milk was fortified with fenvalerate and subjected to processing. Dairy 
farm 3 showed highest residues 18.60 µg Kg
-1
 for fenvalerate after pasteurization and 
lowest residues 17.60 µg Kg
-1
 were observed in farm 5 after pasteurization. Cream 
contained maximum residues 19.90 µg Kg
-1
 prepared from milk of farm 3 and minimum 
residues16.40 µg Kg
-1
 were observed in farm 5. Skim milk quantification of residues 
illustrated that farm 5 had maximum residues 1.50 µg Kg
-1 
and farm 1 showed minimum 
residues 0.10 µg Kg
-1
 after skim milk preparation.  
Processing (pasteurization and skimming) of fenvalerate fortified cow milk was 
carried out to identify the effect of processing on fate of pesticide. Screening of milk after 
pasteurization showed that highest residues 19.60 µg Kg
-1
 were present in farm 5 and 
lowest residues 17.20 µg Kg
-1
 were found in farm 4. Cream was found with maximum 
residues 20.50 µg Kg
-1
 in farm 5 and minimum residues 17.50 µg Kg
-1 
were calculated in 
farm 1, 4. Skim milk analysis for fenvalerate residues resulted in farm 1 with highest 
residues 2.00 µg Kg
-1
 and farm 2, 3 with lowest residues 0.10 µg Kg
-1
. 
4.2.2.4. Fortified permethrin residues in milk 
It is obvious from mean square that treatments have non-significant effect on 
reduction pesticide residues in species (Table 4.25). 
Raw milk from dairy farms was screened for permethrin residues and fortified 
with permethrin. Fortified milk was analysed for permethrin residues to check the level of 
fortified residues in milk. Milk was pasteurized and skimmed to check their effect on 
dissipation permethrin residues by GC-ECD analysis (Table 4.26). 
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Table 4.22: Mean square for fortified deltamethrin residues in milk 
SOV DF Raw Fortified Pasteurization Cream Skimmed 
Specie 1 0.0002
NS
 0.300
NS
 2.700
NS
 4.408
NS 
3.803
NS 
Error 28 0.0017 0.737 2.946 12.480 5.104 
Total 29      
NS=
 Non Significant (p>0.05)
 
 
Table 4.23: Effect of processing on fortified deltamethrin residues in milk 
Dairy Farms 
Raw 
(µg Kg
-1
) 
Fortified 
(µg Kg
-1
) 
Pasteurization 
(µg Kg
-1
) 
Cream 
(µg Kg
-1
) 
Skimmed 
(µg Kg
-1
) 
Buffalo 
1 N.D 51.40±2.10 47.50±1.35 50.70±2.01 0.40±0.12 
2 0. 01 51.30±1.50 47.90±1.82 50.P80±1.03 0.20±0.14 
3 N.D 49.20±1.63 43.40±1.56 48.50±1.12 0.60±0.11 
4 N.D 51.50±2.72 47.70±1.48 49.50±1.04 1.50±0.10 
5 N.D 49.90±2.32 46.90±2.08 47.20±2.07 1.80±0.08 
Cow 
1 N.D 50.90±2.20 44.90±1.05 48.80±2.10 1.10±0.09 
2 0.01 52.50 ±3.01 47.40±1.11 49.10±2.42 2.60±0.12 
3 N.D 50.10±2.82 43.70±1.15 48.50±2.14 1.50±0.14 
4 N.D 51.20±1.43 47.20±1.10 48.90±1.17 1.30±0.11 
5 N.D 51.10±1.32 47.80±1.45 49.30±1.24 1.70±0.17 
Buffalo Dairy Farms    Cow Dairy Farms 
1= Al-Rehman Dairy Farm  1= Abdul Razzaq Dairy Farm 
2= Babar Dairy Farm   2= Rana Naeem Dairy Farm 
3= Jaspal Dairy Farm   3= Saeed Dairy Farm 
4= Muhammad Ali Dairy Farm  4= Haji Rasheed Dairy 
5= Ghulam Rasool Dairy Farm   5= Hammad Shah Dairy Farm 
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Table 4.24: Mean square for fortified fenvalerate residues in milk 
SOV DF Raw Fortified Pasteurization Cream Skimmed 
Specie 1 0.0001
NS
 0.147
NS
 1.20
NS
 3.468
NS 
0.075
NS 
Error 28 0.0017 0.509 0.566 1.564 0.436 
Total 29      
NS
= Non Significant (p>0.05) 
 
Table 4.25: Effect of processing on fortified fenvalerate residues in milk 
 
Dairy Farms 
Raw 
(µg Kg
-1
) 
Fortified 
(µg Kg
-1
) 
Pasteurization 
(µg Kg
-1
) 
Cream 
(µg Kg
-1
) 
Skimmed 
(µg Kg
-1
) 
Buffalo 
1 N.D 20.00±1.02 18.40±0.95 19.10±0.87 0.10±0.01 
2 N.D 19.90±0.42 17.90±0.79 17.30±1.14 0.20±0.08 
3 0.10 20.10±1.32 18.60±1.25 19.90±0.94 1.10±0.12 
4 N.D 19.00±1.35 17.80±1.44 17.50±1.12 1.20±0.11 
5 N.D 18.90±1.27 17.60±1.27 16.40±0.85 1.50±0.08 
Cow 
1 N.D 19.20±1.01 17.70±0.47 17.50±1.15 2.00±0.07 
2 N.D 19.50±1.21 18.30±1.34 18.80±0.74 0.10±0.11 
3 N.D 20.10±1.00 19.50±0.29 19.30±1.08 0.10±0.14 
4 N.D 18.70±1.09 17.20±1.38 17.50±0.45 0.90±0.09 
5 0.11 21.10±0.51 19.60±1.18 20.50±1.04 0.50±0.12 
Buffalo Dairy Farms   Cow Dairy Farms 
1= Al-Rehman Dairy Farm  1= Abdul Razzaq Dairy Farm 
2= Babar Dairy Farm   2= Rana Naeem Dairy Farm 
3= Jaspal Dairy Farm   3= Saeed Dairy Farm 
4= Ramzan Dairy Farm   4= Hammad Shah Dairy Farm 
5= Fareedi Dairy Farm   5= Bilal Rasheed Dairy Farm 
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After Pasteurization, buffalo milk showed highest residues 46.70 µg Kg
-1
 in farm 
3 and lowest residues 44.80 µg Kg
-1
 were found in milk of buffalo farm 5. Buffalo dairy 
farm 4 showed maximum residues 50.20 µg Kg
-1
 in prepared cream and minimum 
residues 46.40 µg Kg
-1
 were found in farm 5.Cyfluthrin residues in skimmed milk were 
found maximum (3.20 µg Kg
-1
) in skim milk of farm 2 and minimum residues (0.90 µg 
Kg
-1
) were observed in farm 4.  
 The dissipation of permethrin residues was analyzed after pasteurization, cream 
separation or skimming in fortified cow milk from different farms. After 
pasteurization highest residues were found in farm 2 (48.20 µg Kg
-1
) and minimum 
residues (43.90 µg Kg
-1
) were observed in farm 1. Cream carried maximum residues 
50.00 µg Kg
-1
 in farm 2 and minimum residues 46.50 µg Kg
-1
 were found in milk samples 
of farm 3. Permethrin residues maximum 3.60 µg Kg
-1
 were found in skim milk of farm 3 
and minimum residues 2.10 µg Kg
-1
 were observed milk samples of farm 1. 
4.2.2.5. Fortified β-endosulfan residues in milk 
It is depicted from the mean squares that processing dissipates residues of β-
endosulfan in species non-significantly (Table 4.27). 
Farm milk was screened for β-endosulfan before and after fortification with β-
endosulfan. Effect of pasteurization and skimming on β-endosulfan residues were 
analysed (Table 4.28). 
Pasteurized milk of farm 5 showed maximum residues 37.85 µg Kg
-1
 and farm 1 
showed minimum residues 32.14 µg Kg
-1
. Cream prepared from farm milk 4 was found 
with highest residues 50.10 µg Kg
-1
 while cream from farm milk 3 was with lowest 
residues 45.80 µg Kg
-1
. Skim milk prepared from farm milk 1 showed maximum 7.50 µg 
Kg
-1
 and skim milk from farm 4 milk showed minimum residues 0.10 µg Kg
-1
. 
Cow raw milk was not contaminated with β-endosulfan residues except farm 2 
showed 0.11 µg Kg
-1
 contaminations. Quantification for residues of pasteurized milk 
explained that milk of farm 5 showed maximum residues 41.11 µg Kg
-1
 and minimum 
residues 34.42 µg Kg
-1
 were found in pasteurized milk of farm 3. GC-ECD analysis for 
residues of cream prepared from farm milk illustrated that cream of farm 2 was found 
with maximum residues 48.00 µg Kg
-1
 while cream prepared from milk samples of farm 3 
was with minimum 42.70 µg Kg
-1
 residues. Skim milk prepared from milk samples of 
farm 3 showed maximum residues 6.40 µg Kg
-1
 and skimmed milk of farm 4 showed 
minimum residues 2.10 µg Kg
-1
.      
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Table 4.26: Mean squares for fortified permethrin residues in milk 
SOV DF Raw Fortified Pasteurization Cream Skimmed 
Specie 1 0.003
NS
 0.192
NS
 0.972
NS
 0.192
NS 
2.332
NS 
Error 28 0.002 0.513 1.443 1.936 1.54 
Total 29      
NS
= Non Significant (p>0.05)      
 
Table 4.27: Effect of processing on fortified permethrin residues in milk 
Dairy Farms Raw  
(µg Kg
-1
) 
Fortified  
(µg Kg
-1
) 
Pasteurization 
(µg Kg
-1
) 
Cream  
(µg Kg
-1
) 
Skimmed  
(µg Kg
-1
) 
Buffalo 
1 0.00 50.10±1.10 45.10±1.10 47.50±1.11 2.60±0.1 
2 0.11 50.80±1.12 45.90±2.13 46.60±2.14 3.20±0.12 
3 0.00 49.80±1.14 45.80±3.10 46.80±1.18 1.70±0.11 
4 0. 10 51.20±1.17 46.70±1.12 50.20±1.08 0.90±0.13 
5 0.00 49.80±2.01 44.80±1.01 46.40±1.20 3.00±0.14 
Cow 
1 0. 02 50.10±2.04 43.90±1.16 48.00±1.05 2.10±0.11 
2 0. 01 52.10±1.04 48.20±1.00 50.00±2.01 3.10±0.21 
3 0.05 50.00±1.23 44.50±1.00 46.50±2.41 3.60±0.25 
4 0.00 50.30±2.01 44.90±2.14 46.60±1.21 3.40±0.11 
5 0.00 50.10±1.04 45.00±2.24 47.20±1.34 3.00±0.17 
Buffalo Dairy Farms    Cow Dairy Farms 
1=Al-Rehman Dairy Farm   1=Abdul Razzaq Dairy Farm 
2=Babar Dairy Farm    2=Saeed Dairy Farm 
3=Jaspal Dairy Farm    3=Bilal Rasheed Dairy Farm 
4=Ramzan Dairy Farm    4=Mian Siddique Dairy Farm 
5=Ghulam Rasool Dairy Farm   5=Chawala Dairy Farm 
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Table 4.28: Mean squares for fortified β-endosulfan residues in milk 
SOV DF Raw Fortified Pasteurization Cream Skimmed 
Specie 1 0.012
NS
 1.20
NS
 11.63
NS
 0.243
NS 
3.88
NS 
Error 28 0.004 0.468 13.95 6.868 5.00 
Total 29      
NS
= Non Significant (p>0.05) 
 
Table 4.29: Effect of processing on fortified β-endosulfan residues in milk 
Dairy Farms Raw 
(µg Kg
-1
) 
Fortified 
(µg Kg
-1
) 
Pasteurization 
(µg Kg
-1
) 
Cream 
(µg Kg
-1
) 
Skimmed 
(µg Kg
-1
) 
Buffalo 
1 0.10 49.10±1.00 32.14±1.13 40.40±1.28 7.50±0.42 
2 0.00 50.30±2.10 35.75±1.16 46.00±1.02 2.10±0.30 
3 0. 21 48.80±1.12 35.35±1.11 45.80±2.00 2.50±0.20 
4 0.00 51.10±2.04 36.79±1.20 50.10±2.08 0.10±0.15 
5 0.00 49.80±1.14 37.85±1.30 46.30±2.18 0.70±0.39 
Cow 
1 0.00 49.00±2.15 39.68±1.42 46.80±1.13 2.40±0.42 
2 0.11 50.10±2.09 38.02±1.00 48.00±1.15 2.50±0.48 
3 0.00 49.60±1.24 34.42±1.02 42.70±1.30 6.40±0.35 
4 0.00 48.90±1.28 36.43±1.08 45.40±1.09 2.10±0.21 
5 0.00 49.50±2.00 41.11±2.03 46.60±2.00 3.10±0.32 
Buffalo Dairy Farms   Cow Dairy Farms   
1=Al-Rehman Dairy Farm   1=Abdul Razzaq Dairy Farm   
2=Babar Dairy Farm   2=Rana Naeem Dairy Farm   
3=Jaspal Dairy Farm   3=Saeed Dairy Farm   
4=Rana Ilyas Dairy Farm   4=Bilal Rasheed Dairy Farm   
5=Noon Dairy Farm   5=Umar Sharif Dairy Farm   
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4.2.2.6. Fortified γHCH residues in milk  
The mean square of processing effect on reduction of pesticides residues of γHCH 
in buffalo and cow was same (Table 4.29).  
γHCH residues were screened by GC-ECD in milk from buffalo and cow dairy 
farms. Dissipation behavior of residues during pasteurization and skimming was analyzed 
(Table 4.30). 
Buffalo milk was fortified with γHCH and subjected to processing. Dairy farm 4 
showed highest residues 3.60 µg Kg
-1
 for γHCH and lowest residues 3.30 µg Kg-1 were 
found in farm 3 after pasteurization. Cream contained maximum residues 4.1 µg Kg
-1
 in 
farm 4 and minimum residues 3.60 µg Kg
-1
 were observed in farm 5. Skim milk 
quantification of residues showed that farm 5 had maximum residues 0.30 µg Kg
-1 
and 
farm 1, 2, 4 was with minimum residues 0.10 µg Kg
-1
.  
Processing (pasteurization and skimming) of γHCH fortified cow milk was carried 
to identify the effect of processing. Screening of milk after pasteurization showed that 
highest residues (3.70 µg Kg
-1
) were present in farm 1 and lowest residues (3.30 µg Kg
-1
) 
were in farm 3. Cream was found with maximum residues 4.10 µg Kg
-1
 in farm 1 and 
minimum residues (3.50 µg Kg
-1
)
 
were calculated in farm 3. Skim milk analysis for 
γHCH residues showed that 3, 4 contained highest residues (0.40 µg Kg-1) and farm 1, 5 
showed lowest residues (0.10 µg Kg
-1
). 
4.3. Storage Study of Pesticide Fortified Cream 
4.3.1. Dissipation of residues in pesticide fortified cream of buffalo milk 
The mean squares for pesticide residues showed that reduction of pesticide 
residues with storage progression is non-significant except for β-endosulfan which 
showed significant reduction as days propagated in species (Table 4.31). 
It is evident from table of means that pesticides residues were dissipated during 
pasteurization and reduced as storage progressed (Table 4.32). The mean table of residues 
analysis for raw cream illustrated that deltamethrin residues 49.00 µg Kg
-1
 were found 
highest in cream followed by permethrin, β-endosulfan, γHCH , cyfluthrin and lowest in 
cream were fenvalerate 17.80 µg Kg
-1
. Pasteurization reduced residues to some extent, 
deltamethrin residues were found maximum 48.70 µg Kg
-1
 and fenvalerate residues were 
found minimum 17.50 µg Kg
-1
. Storage progression reduced pesticide residues of 
cyfluthrin, deltamethrin, fenvalerate, permethrin, β-endosulfan and γHCH from 18.70 to 
18.10, 48.70 to 47.90, 17.50 to 16.80, 46.50 to 45.80, 44.60 to 43.70 and 39.10 to 38.10 
µg Kg
-1
, respectively during 60 days storage. 
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Table 4.30: Mean square for fortified γHCH residues in milk 
SOV DF Raw Fortified Pasteurization Cream Skimmed 
Specie 1 0.0002
NS
 0.003
NS
 0.048
NS
 0.027
NS 
0.075
NS 
Error 28 0.0047 0.008 0.015 0.0428 0.436 
Total 29      
NS
= Non Significant (p>0.05) 
 
 
 
Table 4.31: Effect of processing on fortified γHCH residues in milk 
 
Dairy Farms 
Raw 
(µg Kg
-1
) 
Fortified 
(µg Kg
-1
) 
Pasteurization 
(µg Kg
-1
) 
Cream 
(µg Kg
-1
) 
Skimmed 
(µg Kg
-1
) 
Buffalo 
1 0. 10 4.00±0.12 3.40±0.10 3.70±0.05 0.10±0.01 
2 0.00 4.10±0.14 3.50±0.12 4.00±0.20 0. 10±0.02 
3 0.00 3.90±0.14 3.30±0.10 3.70±0.08 0. 20±0.01 
4 0.00 4.10±0.08 3.60±0.08 4.10±0.10 0. 10±0.04 
5 0.00 4.00±0.10 3.40±0.08 3.60±0.18 0. 30±0.01 
Cow 
1 0.00 4.20±0.20 3.70±0.06 4.10±0.10 0. 10±0.01 
2 0.00 4.10±0.16 3.60±0.10 3.80±0.16 0. 30±0.02 
3 0. 20 3.90±0.07 3.30±0.17 3.50±0.12 0. 40±0.01 
4 0.00 4.00±0.08 3.50±0.13 3.60±0.08 0. 40±0.03 
5 0.00 4.00±0.16 3.50±0.16 3.80±0.07 0. 10±0.02 
Buffalo Dairy Farms  Cow Dairy Farms 
1= Al-Rehman Dairy Farm 1= Abdul Razzaq Dairy Farm 
2= Babar Dairy Farm  2= Rana Naeem Dairy Farm 
3= Jaspal Dairy Farm  3= Saeed Dairy Farm 
4= Muhammad Ali Dairy Farm 4= Mian Siddique Dairy Farm 
5= Bashir Dairy Farm  5= Haji Rasheed Dairy 
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Table 4.32: Mean squares for dissipation of pesticide residues in buffalo fortified 
cream during storage 
 
SOV DF Cyfluthrin Deltamethrin Fenvalerate Permethrin 
β-
endosulfan 
γHCH 
Days 2 0.581
NS
 0.300
NS
 0.734
NS
 0.367
NS
 0.630
* 
1.642
NS
 
Error 6 0.041 0.737 0.321 0.245 0.031 0.677 
Total 8       
NS
= Non Significant (p>0.05), * = Significant (p<0.05) 
 
Table 4.33: Dissipation of pesticide residues in buffalo pesticide fortified cream 
 
Pesticide 
residues 
Raw cream 
(µg Kg
-1
) 
Pasteurized 
(µg Kg
-1
) 
Storage days (µg Kg
-1
) 
0 days 30 days 60 days 
Cyfluthrin 19.20±1.10 18.70±1.10 18.70±1.10 18.40±1.15 18.10±2.34 
Deltamethrin 49.00±1.11 48.70±2.09 48.70±2.09 48.50±1.14 47.90±2.11 
Fenvalerate 17.80±0.23 17.50±0.24 17.50±0.24 17.10±1.13 16.80±0.35 
Permethrin 47.00±2.20 46.50±2.04 46.50±2.04 46.20±1.32 45.80±2.00 
β-endosulfan 45.20±2.24 44.60±1.00 44.60±1.00 44.00±1.16 43.70±2.35 
γHCH 39.50±1.12 39.10±1.12 39.10±1.12 38.70±1.23 38.10±1.20 
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4.3.2. Dissipation of pesticide residues in pesticide fortified cream of cow milk 
It is obvious from the mean squares that storage has non-significant effect with 
pesticide residues dissipation in cream from cow milk except for fenvalerate and 
cyfluthrin which dissipated significantly as storage progressed in species (Table 4.33).   
It is apparent from the means decreasing trend in pesticide residues from to raw to 
pasteurize and during storage was observed (Table 4.34). Raw cream analysis for residues 
showed that cream contained maximum deltamethrin residues (48.50 µg Kg
-1
) and 
minimum residues of fenvalerate (17.60 µg Kg
-1
). The maximum residues of deltamethrin 
(47.90 µg Kg
-1
) were found
 followed by permethrin, β-endosulfan, γHCH, cyfluthrin and 
fenvalerate (17.20 µg Kg
-1
) after pasteurization. Storage of pasteurized cream dissipated 
the residues of cyfluthrin, deltamethrin, fenvalerate, permethrin, β-endosulfan and γHCH 
from 18.40 to 17.30, 47.90 to 47.40, 17.20 to 15.90, 46.50 to 45.40, 44.50 to 43.80 and 
37.00 to 36.40 µg Kg
-1
, respectively.  
4.2.9. Effect of processing on pesticide residues dissipation in pesticide fortified milk 
products 
 
Effect of pasteurization and skimming on the percent reduction of pesticide 
residues in milk (buffalo, cow) was analysed (Table 4.35). Residues of β-
endosulfan were dissipated maximum by pasteurization in buffalo (28.59 %) and 
cow (23.26 %) milk while fenvalerate was reduced minimum in buffalo (7.79 %) and cow 
(6.42 %) milk.  The dissipation range of pesticide residues in milk varies with pesticide 
residues.  Pesticide residues reduction in buffalo milk varied from 6.01 to 34.56 % and in 
cow milk reduction varied from 7.81 to 30.67 % after pasteurization. Cream separation 
reduces highest residues of β-endosulfan 8.24 % in buffalo cream followed by 
deltamethrin, permethrin, cyfluthrin, γHCH and lowest reduction of fenvalerate (2.62 %) 
was quantified; in cow cream maximum reduction of  β-endosulfan (7.17 %) was 
calculated followed by deltamethrin, permethrin, cyfluthrin, γHCH and minimum 
residues of fenvalerate 4.35 % were quantified. The dissipation range for pesticide 
residues 0.97 to 8.87 % was observed in buffalo cream under cream separation and 2.38 
to 10.02 % was found in cow cream. Fenvalerate residues (98.22 %) were reduced 
maximum and fenvalerate residues (94.64 %) dissipated minimum by skimming in 
buffalo milk while in cow milk highest reduction of cyfluthrin residues (96.92 %) and 
lowest reduction of deltamethrin residues (92.85 %) was found. Skimming reduced 
pesticides residues were in range of 84.83 to 97.57 % for buffalo milk and for cow milk 
reduction was in range of 87.05 to 98.57 %. 
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Table 4.34: Mean squares for dissipation of pesticide residues in pesticide fortified 
cow cream during storage 
 
SOV DF Cyfluthrin Deltamethrin Fenvalerate Permethrin 
β-
endosulfan 
γHCH 
Days 2 0.911
*
 0.217
NS
 1.334
*
 0.907
NS
 178.46
NS 
0.271
 NS
 
Error 6 0.210 0.124 0.412 0.445 169.95 0.056 
Total 8       
NS
= Non Significant (p>0.05), * = Significant (p<0.05) 
 
Table 4.35: Dissipation of residues in pesticide fortified cow cream during storage 
 
Pesticide 
residues 
Raw cream 
(µg Kg
-1
) 
Pasteurized 
(µg Kg
-1
) 
Storage days (µg Kg
-1
) 
0 days 30 days 60 days 
Cyfluthrin 18.90±1.42 18.40±1.20 18.40±1.20 17.80±0.16 17.30±0.81 
Deltamethrin 48.50±1.20 47.90±1.32 47.90±1.32 46.80±1.05 47.40±1.23 
Fenvalerate 17.60±0.24 17.20±0.14 17.20±0.14 16.50±0.25 15.90±0.23 
Permethrin 47.10±1.24 46.50±1.34 46.50±1.34 45.90±1.00 45.40±2.01 
β-endosulfan 45.30±1.11 44.50±1.11 44.50±1.11 43.90±1.20 43.80±1.05 
γHCH 37.50±1.00 37.00±1.20 37.00±1.20 36.70±1.08 36.40±1.02 
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Table 4.36: Effect of processing on pesticide residues percent in pesticide fortified 
milk products 
 
T
rea
tm
en
t 
Specie 
Pesticide Residues (%) 
Cyfluthrin Deltamethrin Fenvalerate Permethrin 
β-
endosulfan 
γHCH 
P
a
steu
riza
tio
n
 
Buffalo 
11.20 
 
7.88 
 
7.79 
9.32 
 
28.59 
 
13.86 
 
Cow 
11.60 
 
9.70 
 
6.42 
 
10.39 
 
23.26 
 
12.65 
 
R
a
n
g
e 
Buffalo 10-12.38 6.01-11.78 6.31-10.05 7.93-10.12 
23.97-
34.56 
11.65-
14.84 
Cow 11.2-12 7.81-12.78 2.98-8.02 7.55-12.47 
16.97-
30.67 
11.1-
15.22 
 
C
rea
m
 
Buffalo 
5.69 
 
2.62 
 
7.96 
 
5.71 
 
8.24 
 
4.90 
 
Cow 
4.56 
 
4.35 
 
5.09 
 
5.72 
 
7.17 
 
6.67 
 
R
a
n
g
e 
Buffalo 4.76-7.96 0.97-5.41 1.01-13.13 1.95-8.36 1.96-17.73 
1.21-
8.87 
Cow 2.5-5.71 3.19-6.42 2.65-8.64 4.29-7.28 4.27-13.98 
2.38-
10.02 
S
k
im
m
ed
 
Buffalo 
94.82 
 
98.22 
 
94.64 
 
95.01 
94.79 
 
96.26 
Cow 
96.92 
 
96.83 
 
92.85 
 
93.97 
 
93.32 
 
93.44 
R
a
n
g
e 
Buffalo 
93.03-
95.71 
96.39-99.61 91.84-98.99 93.67-98.24 
84.83-
99.80 
92.50-
97.57 
Cow 
95.54-
98.57 
97.83-95.1 89.55-97.63 92.81-94.01 
87.05-
95.62 
 
89.94-
97.61 
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4.3. Study-2 (Fate of Pesticide Residues during Farm Milk Processing) 
The milk was procured from dairy farms exceeding their MRL of selected 
pesticide residues. Milk was screened for residues and subjected to processing after 
physicochemical analysis. 
4.3.1. Physicochemical Analysis 
Milk was analysed for physicochemical analysis of milk was carried and results 
are summarized in (Table 4.17 and 4.18). 
4.3.2. Effect of processing on pesticide residues in milk 
4.3.2.1. Cyfluthrin residues in milk 
The mean squares of treatments effect on reduction of pesticides residues of 
cyfluthrin in cow and buffalo is highly significant (Table 4.36).  
Milk from dairy farms was screened for cyfluthrin residues and was pasteurized, 
cream separated or skimmed to check their effect on dissipation cyfluthrin residues in 
milk (Table 4.37). Cyfluthrin residues were found maximum (44.50 µg Kg
-1
) in raw milk 
of buffalo dairy farm 5 and were observed minimum (29.20 µg Kg
-1
)
 
in farm 4. 
Pasteurized buffalo milk showed maximum residues (41.00 µg Kg
-1
) in farm 5 and 
minimum residues (27.20 µg Kg
-1
) in milk from buffalo farm 4. Buffalo dairy farm 5 
showed maximum residues 41.10 µg Kg
-1
 in prepared cream and minimum residues 
(28.20 µg Kg
-1
) were found in farm 4. Cyfluthrin residues were found maximum (4.2 µg 
Kg
-1
) in skim milk of farm 2 and minimum residues (0.90 µg Kg
-1
) were observed in skim 
milk of farm 4. 
Cyfluthrin residues dissipation was analyzed after pasteurization, cream 
separation or skimming in cow dairy farms.  Farm 5 showed maximum residues (7.90 µg 
Kg
-1
) for raw milk and farm 2 showed minimum residues (6.40 µg Kg
-1
). After 
pasteurization maximum residues were found in farm 5 (7.30 µg Kg
-1
) and minimum 
residues (5.80 µg Kg
-1
) were observed in farm 2. Cream showed maximum residues 7.10 
µg Kg
-1
 (farm 1) and minimum residues (6.30 µg Kg
-1
) were found in farm 2. Cyfluthrin 
residues maximum 0.70 µg Kg
-1
 were found in skim milk of farm 5 and minimum 
residues 0.10 µg Kg
-1
 were observed in skim milk of farm 3. 
4.3.2.2. Deltamethrin residues in buffalo milk 
The mean square showed that effect of processing (pasteurization, cream 
separation or skimming) on deltamethrin residues in species was highly significant (Table 
4.38). Farm milk was screened for deltamethrin residues, than effect of pasteurization, 
cream manufacturing and skimming on deltamethrin residues was observed (Table 4.39).  
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Table 4.37: Mean squares for cyfluthrin residues in milk 
SOV DF Raw Pasteurization Cream Skimmed 
Specie 1 7853.77
**
 6678.19
**
 6403.56
** 
38.3070
** 
Error 28 16.06 12.65 10.43 3.8121 
Total 29     
** = Highly Significant (p<0.01) 
 
Table 4.38: Effect of processing on cyfluthrin residues in milk 
Dairy Farms 
Raw 
(µg Kg
-1
) 
Pasteurization 
(µg Kg
-1
) 
Cream 
(µg Kg
-1
) 
Skimmed 
(µg Kg
-1
) 
Buffalo 
1 41.20±0.001.12 37.90±1.12 35.10±1.11 3.80±0.10 
2 43.30±0.001.10 39.20±1.45 39.00±1.32 4.20±0.32 
3 39.50±0.001.00 37.20±1.34 36.50±1.15 2.10±0.21 
4 29.20±0.001.85 27.20±1.15 28.20±1.23 0.90±0.17 
5 44.50±0.001.12 41.00±1.35 41.10±1.17 2.10±0.38 
Cow 
1 7.50±0.000.45 7.10±0.45 7.10±0.32 0.30±0.24 
2 6.40±0.000.12 5.80±0.24 6.30±0.21 0.30±0.10 
3 6.70±0.000.11 6.20±0.36 6.50±0.38 0.10±0.16 
4 7.40±0.000.15 6.90±0.65 6.90±0.34 0.40±0.21 
5 7.90±0.000.16 7.30±0.32 7.00±0.12 0.70±0.09 
Buffalo Dairy Farms  Cow Dairy Farms 
1=Fareedi Dairy Farm   1=Chawala Dairy Farm 
2=Rana Ilyas Dairy Farm  2=Bilal Rasheed Dairy Farm 
3=Noon Dairy Farm  3=Sar Buland Dairy Farm 
4=Ramzan Dairy Farm  4=Hammad Shah Dairy Farm 
5=Ghulam Rasool Dairy Farm 5=Mian Siddique Dairy Farm 
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Table 4.39: Mean squares for deltamethrin residues in milk 
SOV DF Raw Pasteurization Cream Skimmed 
Specie 1 15174.0
**
 13610.7
**
 13764.5
** 
25.9470
** 
Error 28 1.3 1.5 1.6 5.0371 
Total 29     
** = Highly Significant (p<0.01) 
 
Table 40: Effect of processing on deltamethrin residues in milk 
Dairy Farms 
Raw 
(µg Kg
-1
) 
Pasteurization 
(µg Kg
-1
) 
Cream 
(µg Kg
-1
) 
Skimmed 
(µg Kg
-1
) 
Buffalo 
1 59.80±2.01 57.20±1.20 56.20±1.00 7.50±0.14 
2 57.50±2.11 55.30±1.15 55.00±1.00 3.10±0.11 
3 56.50±1.12 54.40±1.18 53.50±2.35 2.20±0.24 
4 58.50±2.10 53.90±1.15 57.50±1.01 0.10±0.36 
5 58.40±2.00 54.10±2.14 55.00±2.24 0.30±0.11 
Cow 
1 14.50±0.48 13.80±0.85 14.00±0.45 0.20±0.41 
2 14.20±1.30 13.60±0.14 13.50±0.32 1.70±0.21 
3 12.50±0.68 11.60±0.26 11.80±0.24 1.20±0.18 
4 11.50±0.54 10.80±0.38 11.00±0.41 0.60±0.14 
5 13.10±0.32 12.10±0.45 12.70±1.24 0.20±0.42 
Buffalo Dairy Farms  Cow Dairy Farms 
1=Fareedi Dairy Farm   1=Chawala Dairy Farm 
2=Rana Ilyas Dairy Farm  2=Bilal Rasheed Dairy Farm 
3=Noon Dairy Farm  3=Sar Buland Dairy Farm 
4=Bashir Dairy Farm  4=Mian Siddique Dairy Farm 
5=Ramzan Dairy Farm  5=Umar Sharif Dairy Farm 
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In buffalo dairy farms, maximum deltamethrin residues (59.80 µg Kg
-1
) were 
found in milk samples of farm 1 and minimum deltamethrin residues (56.50 µg Kg
-1
) 
were found in milk samples of farm 3. Pasteurized milk of farm 1 showed maximum 
residues (57.20 µg Kg
-1
) and milk samples of farm 4 showed minimum residues (53.90 
µg Kg
-1
) after pasteurization. Cream prepared from milk samples of farm 4 contained 
maximum residues (57.50 µg Kg
-1
) while cream prepared from milk samples of farm 3 
contained minimum residues (53.50 µg Kg
-1
). Skim milk prepared from milk of farm 1 
showed maximum residues (7.50 µg Kg
-1
) and skim milk from farm 4 showed minimum 
residues (0.10 µg Kg
-1
). 
In cow dairy farms, maximum residues (14.50 µg Kg
-1
) were found in raw milk 
samples of farm 1 and minimum residues (11.50 µg Kg
-1
) were found in milk samples of 
farm 4. Quantification of residues in milk after pasteurization explained that milk of farm 
1showed maximum residues (13.80 µg Kg
-1
) and minimum residues (10.80 µg Kg
-1
) were 
found in milk samples of farm 4. The analysis of cream prepared from milk samples of 
farms illustrated that cream from farm 1 contained highest residues (14.00 µg Kg
-1
) while 
cream prepared from milk samples of farm 4 contained lowest residues (11.00 µg Kg
-1
). 
Skim milk prepared from farm 2 showed maximum residues (1.70 µg Kg
-1
) and farm 5 
showed minimum residues (0.20 µg Kg
-1
).      
4.3.2.3. Fenvalerate residues in milk 
Pasteurization, skimming or cream separation showed highly significant effect on 
dissipation of pesticides residues of fenvalerate in species (Table 4.40). 
Dissipation behavior of residues after pasteurization, cream separation and 
skimming was analyzed (Table 4.41). Raw buffalo milk was screened for fenvalerate and 
subjected to processing.  Analysis of raw buffalo milk revealed that maximum residues 
54.20 µg Kg
-1
 were found in farm 1 and minimum residues 24.20 µg Kg
-1
 were found in 
farm 2.  Dairy farm 1 showed highest residues 51.00 µg Kg
-1
 for fenvalerate and lowest 
residues 22.90 µg Kg
-1
 were in farm 2 after pasteurization. Cream contained maximum 
residues 50.10 µg Kg
-1
 in farm 1 and minimum residues 23.20 µg Kg
-1
 were found in 
farm 2. Skim milk quantification of residues illustrated that farm 1 showed maximum 
residues 3.40 µg Kg
-1
 and farm 2 contained residues 0.70 µg Kg
-1
.  
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Table 4.41: Mean squares for fenvalerate residues in milk 
SOV DF Raw Pasteurization Cream Skimmed 
Specie 1 8548.03
**
 7728.08
**
 7584.30
** 
20.66
** 
Error 28 78.71 73.94 72.13 0.4967 
Total 29     
** = Highly Significant (p<0.01) 
 
Table 4.42: Effect of processing on fenvalerate residues in milk 
Dairy Farms 
Raw 
(µg Kg
-1
) 
Pasteurization 
(µg Kg
-1
) 
Cream 
(µg Kg
-1
) 
Skimmed 
(µg Kg
-1
) 
Buffalo 
1 54.20±1.30 51.00±2.10 50.10±2.11 3.40±0.45 
2 24.20±1.11 22.90±1.00 23.20±1.23 0.70±0.18 
3 43.20±1.36 40.70±1.45 40.20±2.10 1.90±0.32 
4 50.80±2.32 49.70±1.12 49.80±1.00 0.90±0.25 
5 27.50±1.10 25.80±1.56 25.20±1.08 2.00±0.15 
Cow 
1 6.10±0.49 5.80±0.74 5.90±0.54 0.10±0.11 
2 6.50±0.35 6.10±0.23 6.20±0.32 0.20±0.13 
3 6.40±0.45 5.90±0.47 6.00±0.68 0.10±0.11 
4 6.20±0.31 6.00±0.35 5.90±0.79 0.10±0.14 
5 5.90±0.17 5.80±0.39 5.50±0.85 0.10±0.04 
Buffalo Dairy Farms  Cow Dairy Farms 
1= Rana Ilyas Dairy Farm  1= Chawala Dairy Farm 
2= Noon Dairy Farm  2= Sar Buland Dairy Farm 
3= Ghulam Rasool Dairy Farm 3= Mian Siddique Dairy Farm 
4= Muhammad Ali Dairy Farm 4= Umar Sharif Dairy Farm 
5= Bashir Dairy Farm  5= Haji Rasheed Dairy 
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Processing (pasteurization and skimming) of raw cow milk was carried to identify 
the effect of processing. Analysis of raw milk explained that highest residues (6.50 µg 
Kg
-1
) were found in farm 2 and lowest residues (5.90 µg Kg
-1
) were found in farm 5. 
Screening of milk after pasteurization showed that highest residues 6.10 µg Kg
-1
 were 
present in farm 2 and lowest residues 5.80 µg Kg
-1
 were present in farm 1, 5.  
Cream contained maximum residues 6.20 µg Kg
-1
 in farm 2 and minimum 
residues 5.50 µg Kg
-1 
were observed in farm 5. Skim milk analysis for fenvalerate 
residues showed that farm 2 contained highest residues 0.20 µg Kg
-1
 and farms 1, 3, 4, 5  
showed lowest residues 0.10 µg Kg
-1
. 
4.3.2.4. Permethrin residues in milk 
The mean square showed that treatments have highly significant effect on 
reduction pesticide residues in species (Table 4.42). 
Raw milk from dairy farms was screened for permethrin residues. Milk was 
pasteurized cream was separated or skimmed to check their effect on dissipation of 
permethrin residues (Table 4.43). Permethrin residues were found maximum (73.50 µg 
Kg
-1
) in raw milk of buffalo dairy farm 1 and were observed minimum (51.20 µg Kg
-1
)
 
in 
farm 5. Pasteurized buffalo milk showed highest residues 67.50 µg Kg
-1
 in farm 1 and 
lowest residues 49.30 µg Kg
-1
 were observed in milk of buffalo farm 5. Buffalo dairy 
farm 1 showed maximum residues 67.30 µg Kg
-1
 in prepared cream and minimum 
residues 47.80 µg Kg
-1
 were observed in farm 5. Permethrin residues in skimmed milk 
were found maximum (5.00 µg Kg
-1
) in farm 1 and minimum residues (0.80 µg Kg
-1
) in 
skim milk were observed in farm 4.  
Dissipation of permethrin residues was analyzed after pasteurization, cream 
separation or skimming in cow milk from different farms.  Farm 2 showed maximum 
residues 64.20 µg Kg
-1
 in raw milk and farm 3 showed minimum residues 48.50 µg Kg
-1
. 
After pasteurization highest residues were found in farm 4 (58.70 µg Kg
-1
) and minimum 
residues (46.50 µg Kg
-1
) were observed in farm 3. Cream contained maximum residues 
62.00 µg Kg
-1
 in farm 2 and minimum residues 45.70 µg Kg
-1
 in farm 3. Permethrin 
residues maximum 5.20 µg Kg
-1
 were found in skim milk of farm 3 and minimum 
residues 1.40 µg Kg
-1
 were found in farm 5. 
4.3.2.5. β-endosulfan residues in milk 
The mean squares showed that processing dissipates residues of β-endosulfan in 
species highly significantly (Table 4.44). 
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Farm milk was screened for β-endosulfan residues and effect of pasteurization and 
skimming on β-endosulfan residues was analysed (Table 4.45). Buffalo dairy farm 
showed maximum β-endosulfan residues 72.50 µg Kg-1 in raw milk of farm 1 and 
minimum 51.20 µg Kg
-1
 residues were found in farm 5. Pasteurized milk of farm 1 
showed maximum residues (62.80 µg Kg
-1
) and farm 5 showed minimum residues (43.30 
µg Kg
-1
) after pasteurization. Cream prepared from milk of farm 1 showed highest 
residues (66.40 µg Kg
-1
) while cream separated from milk samples of farm 5 was showed 
lowest residues 47.80 µg Kg
-1
. Skim milk prepared from milk samples of farm 1 showed 
maximum residues (3.50 µg Kg
-1
) and skim milk from farm 3 showed minimum residues 
(0.10 µg Kg
-1
). 
 In cow dairy farms maximum residues were found in raw milk was 69.50 µg Kg
-1
 
from farm 1 minimum residues 58.90 µg Kg
-1
 was found in farm 3. Quantification for 
residues of pasteurized milk explained that milk of farm 1 showed maximum residues 
62.50 µg Kg
-1
 and minimum residues 51.00 µg Kg
-1
 was found in pasteurized milk from 
farm 3. The analysis for residues of cream prepared from farm milk illustrated that cream 
manufactured from milk samples of farm 1 showed maximum residues (67.30 µg Kg
-1
) 
while cream prepared from milk of farm 3 showed minimum residues 55.40 µg Kg
-1
. 
Skim milk prepared from farm 4 showed maximum residues 4.20 µg Kg
-1
 and skimmed 
milk of farm 1, 2 showed minimum residues (0.10 µg Kg
-1
).      
4.3.2.6. γHCH residues in milk  
The mean squares showed that processing effect on reduction of pesticides 
residues of γHCH in buffalo and cow was highly significant (Table 4.46).  
γHCH residues were screened in raw milk from buffalo and cow dairy farms. 
Dissipation behavior of residues during pasteurization, cream separation or skimming was 
analyzed (Table 4.47).  
Analysis of buffalo raw milk revealed that maximum residues 24.50 µg Kg
-1
 were 
found in farm 2 and minimum residues 12.40 µg Kg
-1
 were found in farm 1.  Dairy farm 2 
showed highest residues 22.50 µg Kg
-1
 for γHCH after pasteurization and lowest residues 
11.40 µg Kg
-1
 were observed in farm 1 after pasteurization. Cream contained maximum 
residues 23.5 µg Kg
-1
 in farm 2 and minimum residues 11.60 µg Kg
-1
 were found in farm 
1. Skim milk quantification of residues showed that farm 5 contained maximum residues 
2.10 µg Kg
-1 
and farm 3 showed minimum residues 0.20 µg Kg
-1
.  
 
107 
 
Table 4.43: Mean squares for permethrin residues in milk 
SOV DF Raw Pasteurization Cream Skimmed 
Specie 1 361.22
*
 393.13
**
 279.07
** 
0.012
** 
Error 28 102.83 38.04 45.10 2.318 
Total 29     
* = Significant (p<0.05), ** = Highly Significant (p<0.01) 
 
Table 4.44: Effect of processing on permethrin residues in milk 
Dairy Farms 
Raw 
(µg Kg
-1
) 
Pasteurization 
(µg Kg
-1
) 
Cream 
(µg Kg
-1
) 
Skimmed 
(µg Kg
-1
) 
Buffalo 
1 73.50±2.00 67.50±1.12 67.30±2.00 5.00±0.45 
2 64.50±1.10 59.50±2.11 60.30±1.15 2.70±0.36 
3 68.70±2.31 66.70±3.25 65.70±2.18 3.10±0.18 
4 58.50±2.18 56.20±2.00 57.50±2.09 0.80±0.69 
5 51.20±1.19 49.30±1.12 47.80±2.13 3.50±0.45 
Cow 
1 54.10±1.31 49.70±1.08 52.00±1.45 1.70±0.25 
2 64.20±2.01 58.40±1.07 62.00±2.32 4.70±0.39 
3 48.50±1.08 46.50±2.12 45.70±1.28 5.20±0.38 
4 62.40±2.21 58.70±2.15 58.90±2.38 2.30±0.12 
5 52.50±2.17 49.70±1.16 49.50±2.32 1.40±0.11 
Buffalo Dairy Farms  Cow Dairy Farms 
1= Rana Ilyas Dairy Farm  1= Sar Buland Dairy Farm 
2= Noon Dairy Farm  2= Umar Sharif Dairy Farm 
3= Muhammad Ali Dairy Farm 3= Haji Rasheed Dairy 
4= Bashir Dairy Farm  4= Hammad Shah Dairy Farm 
5= Fareedi Dairy Farm  5= Rana Naeem Dairy Farm 
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Table 4.45: Mean squares for β-endosulfan residues in milk 
SOV DF Raw Fortified Pasteurization Cream Skimmed 
Specie 1 15.12
NS
 0.192
NS
 131.04
NS
 52.27
NS 
11.16
NS 
Error 28 37.67 0.513 32.02 33.17 7.05 
Total 29      
NS
= Non Significant (p>0.05) 
 
Table 4.46: Effect of processing on β-endosulfan residues in milk 
Dairy Farms 
Raw 
(µg Kg
-1
) 
Pasteurization 
(µg Kg
-1
) 
Cream 
(µg Kg
-1
) 
Skimmed 
(µg Kg
-1
) 
Buffalo 
1 72.50±3.12 62.80±1.14 66.40±1.12 3.50±0.12 
2 68.50±2.38 54.70±2.32 64.20±2.21 2.90±0.26 
3 62.10±1.24 50.10±1.22 59.10±2.10 0.10±0.10 
4 59.80±1.00 52.50±1.10 54.10±1.11 2.40±0.08 
5 51.20±1.14 43.30±2.14 47.80±2.27 2.40±0.19 
Cow 
1 69.50±3.24 62.50±1.15 67.30±2.35 0.10±0.32 
2 63.50±2.12 55.60±2.18 61.30±2.17 0.10±0.14 
3 58.90±2.11 51.00±1.24 55.40±1.24 0.40±0.36 
4 68.10±2.00 61.40±1.32 62.50±2.12 4.20±0.42 
5 61.20±1.12 53.80±1.11 58.30±2.16 0.40±0.29 
Buffalo Dairy Farms  Cow Dairy Farms 
1= Ghulam Rasool Dairy Farm 1=Chawala Dairy Farm 
2= Muhammad Ali Dairy Farm 2=Sar Buland Dairy Farm 
3= Bashir Dairy Farm  3=Mian Siddique Dairy Farm 
4= Ramzan Dairy Farm  4=Haji Rasheed Dairy 
5= Fareedi Dairy Farm  5=Hammad Shah Dairy Farm 
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Table 4.47: Mean squares for γHCH residues in milk 
SOV DF Raw Pasteurization Cream Skimmed 
Specie 1 1060
**
 826
**
 964
** 
11.16
** 
Error 28 78.9 55.91 76.2 0.66 
Total 29     
** = Highly Significant (p<0.01) 
 
Table 4.48: Effect of processing on γHCH residues in milk 
Dairy Farms 
Raw 
(µg Kg
-1
) 
Pasteurization 
(µg Kg
-1
) 
Cream 
(µg Kg
-1
) 
Skimmed 
(µg Kg
-1
) 
Buffalo 
1 12.40±0.10 11.40±0.19 11.60±0.23 0.80±0.09 
2 24.50±1.41 22.50±1.24 23.50±1.34 0.40±0.05 
3 12.50±0.32 11.50±0.18 12.00±0.22 0.20±0.08 
4 18.90±1.23 16.50±0.27 17.90±1.12 0.60±0.07 
5 24.20±1.30 22.40±1.15 22.10±0.11 2.10±0.12 
Cow 
1 41.50±1.09 39.00±1.21 39.40±1.26 1.00±0.28 
2 69.20±2.25 61.00±2.08 67.10±2.31 1.50±0.10 
3 48.50±1.36 42.50±1.11 45.00±1.00 3.00±0.13 
4 68.10±2.26 59.90±1.41 64.60±2.00 3.20±0.17 
5 53.20±1.10 47.90±2.18 50.30±2.11 1.50±0.11 
Buffalo Dairy Farms  Cow Dairy Farms 
1=Ghulam Rasool Dairy Farm 1=Chawala Dairy Farm 
2=Noon Dairy Farm  2=Sar Buland Dairy Farm 
3=Rana Ilyas Dairy Farm  3=Hammad Shah Dairy Farm 
4=Ramzan Dairy Farm  4=Umar Sharif Dairy Farm 
5=Fareedi Dairy Farm  5=Bilal Rasheed Dairy Farm 
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 Processing (pasteurization and skimming) of γHCH cow milk was carried to 
identify the effect of processing. Analysis of milk explained that highest residues (69.20 
µg Kg
-1
) were found in raw milk of farm 2 and lowest residues (41.50 µg Kg
-1
) were 
observed in farm 1. Screening of milk after pasteurization showed that highest residues 
61.0 µg Kg
-1
 were present in farm 2 and lowest residues 39.00 µg Kg
-1
 were found in 
farm 1. Cream showed maximum residues 67.10 µg Kg
-1
 in farm 2 and minimum residues 
39.40 µg Kg
-1 
were observed in farm 1. Skim milk analysis for γHCH residues showed 
that highest residues 3.20 µg Kg
-1
 in farm 4 and farm 1 showed lowest residues 1.00 µg 
Kg
-1
. 
4.3.4. Storage study of cream from farm milk 
4.3.4.1 Dissipation of residues in buffalo cream 
The mean squares for pesticide residues showed that reduction of pesticide 
residues with storage progression is non-significant except for γHCH which showed 
significant reduction as days propagated in species (Table 4.48). 
It is depicted from table of means that pesticides residues were dissipated during 
pasteurization and reduced as storage progressed (Table 4.49). 
The mean table of residues analysis for raw cream showed that permethrin 
residues 59.40 µg Kg
-1
 were highest in cream followed by deltamethrin, β-endosulfan, 
fenvalerate, cyfluthrin and lowest residues of γHCH (17.20 µg Kg-1) in cream were found. 
Pasteurization reduced residues to some extent; after pasteurization, permethrin residues 
were found maximum 59.00 µg Kg
-1
 and γHCH residues were found minimum 17.10 µg 
Kg
-1
. Storage progression reduced residues as it is cleared from the mean table that 
residues of cyfluthrin, deltamethrin, fenvalerate, permethrin, β-endosulfan and γHCH 
were reduced from 17.10 to 16.80, 55.10 to 54.60, 59.00 to 58.40, 52.80 to 52.20, 35.50 
to 34.70 and 36.20 to 35.80 µg Kg
-1
, respectively during 60 days storage.  
4.3.4.2. Dissipation of residues in cow cream 
The mean squares for pesticide residues showed that reduction of pesticide 
residues with storage progression is non-significant except for β-endosulfan which 
showed significant reduction as days propagated in species (Table 4.50). 
It is apparent from the means that decreasing trend in pesticide residues from raw 
to pasteurize and during storage was observed (Table 4.51). 
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Table 4.49: Mean squares for dissipation of residues in buffalo cream during storage 
 
SOV DF Cyfluthrin Deltamethrin Fenvalerate Permethrin 
β-
endosulfan 
γHCH 
Days 2 0.48
NS
 0.192
NS
 0.172
NS
 0.271
NS
 0.284
NS 
0.544
 *
 
Error 6 0.21 0.114 0.082 0.21 0.21 0.073 
Total 8       
NS
= Non Significant (p>0.05), * = Significant (p<0.05) 
 
Table 4.50: Dissipation of residues in buffalo cream during storage 
 
Pesticide 
residues 
Raw cream 
(µg Kg
-1
) 
Pasteurized 
(µg Kg
-1
) 
Storage days(µg Kg
-1
) 
0 days 30 days 60 days 
Cyfluthrin 35.80±1.10 35.50±1.14 35.50±1.14 35.10±1.00 34.70±1.07 
Deltamethrin 55.40±2.10 55.10±1.00 55.10±1.00 54.80±1.00 54.60±2.17 
Permethrin 59.40±1.21 59.00±1.07 59.00±1.07 58.70±2.23 58.40±2.14 
Fenvalerate 36.50±1.05 36.20±1.02 36.20±1.02 36.10±1.20 35.80±1.31 
β-endosulfan 53.00±2.00 52.80±2.10 52.80±2.10 52.60±2.41 52.20±2.00 
γHCH 17.20±0.24 17.10±1.12 17.10±1.12 17.06±0.45 16.80±0.41 
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Table 4.51: Means squares for dissipation of residues in cow cream during storage 
 
SOV DF Cyfluthrin Deltamethrin Fenvalerate Permethrin 
β-
endosulfan 
γHCH 
Days 2 0.125
NS
 0.0741
NS
 0.132
NS
 69.16
NS
 0.621
* 
1.64
NS
 
Error 6 0.112 0.0.021 0.084 15.12 0.121 0.67 
Total 8       
NS = Non Significant (p>0.05), * = Significant (p<0.05) 
 
Table 4.52: Dissipation of residues in cow cream during storage 
 
Pesticide 
residues 
Raw 
cream 
(µg Kg
-1
) 
Pasteurized 
(µg Kg
-1
) 
Storage days (µg Kg
-1
) 
0 days 30 days 60 days 
Cyfluthrin 6.40±0.12 6.30±0.23 6.30±0.23 6.10±0.31 5.90±0.23 
Deltamethrin 12.60±0.24 12.50±0.12 12.50±0.12 12.30±0.21 12.20±0.42 
Fenvalerate 5.80±0.37 5.60±0.41 5.60±0.41 5.30±0.24 5.20±0.11 
Permethrin 52.80±1.04 52.50±2.10 52.50±2.10 51.90±2.08 51.30±2.11 
β-endosulfan 60.20±2.12 59.90±1.26 59.90±1.26 59.60±2.14 59.00±2.16 
γHCH 51.20±1.00 50.70±2.14 50.70±2.14 50.30±2.00 50.20±2.15 
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Figure 4.1: Comparison of pesticide dissipation between farm and pesticide fortified 
buffalo cream during storage 
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Figure 4.2: Comparison of pesticide dissipation between farm and pesticide fortified 
cow cream during storage 
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Raw cream analysis for residues showed that β-endosulfan residues were 
maximum 60.20 µg Kg
-1
 and minimum residues of fenvalerate 5.80 µg Kg
-1
 were found. 
The maximum residues of β-endosulfan 59.90 µg Kg-1 followed by permethrin, γHCH, 
cyfluthrin and fenvalerate were dissipated after pasteurization. Storage of pasteurized 
cream dissipated the residues; cyfluthrin, deltamethrin, fenvalerate, permethrin, β-
endosulfan and γHCH were reduced from 6.30 to 5.90, 12.50 to 12.20, 5.60 to 5.20, 52.50 
to 51.3, 59.90 to 59.00 and 50.70 to 50.20 µg Kg
-1
, respectively.  
4.3.5. Pesticide residues dissipation in pesticide fortified and farm cream in buffalo 
Comparative study of pesticide residues reduction between pesticide fortified 
cream and farm cream was carried out as storage propagated (Fig. 4.1, 4.2).  The study 
revealed that pesticide residues percent reduction in farm cream was less as compare to 
fortified cream.  
Cyfluthrin showed maximum reduction in buffalo farm cream while fenvalerate 
showed highest dissipation in buffalo pesticide fortified cream; in cow farms, fenvalerate 
residues were noted with maximum reduction in both farm cream and pesticide fortified 
cream. It was monitored that β-endosulfan dissipation was minimum from 0 day to 30 
days and deltamethrin was found with minimum reduction at 60 days in buffalo farm; β-
endosulfan residues dissipation was minimum at 0, 30 days and γHCH at 60 days in cow 
farm. In buffalo pesticide fortified cream, deltamethrin dissipation was observed at 0 and 
30 days and permethrin was dissipated minimum at 60 days cream while minimum loss of 
deltamethrin residues was monitored at 0, 30 days and β-endosulfan at 60 days in cow 
pesticide fortified cream.  
4.3.6. Effect of processing on pesticide residues dissipation in milk products 
Effect of pasteurization, cream separation and skimming on the reduction of 
pesticide residues in milk (buffalo, cow) was analysed (Table 4.52). Residues of β-
endosulfan were dissipated maximum by pasteurization in buffalo (16.11 %) and cow 
(11.59 %) milk while fenvalerate was reduced minimum in buffalo (4.87 %) and 
deltamethrin (5.01 %) in cow milk. The dissipation range of pesticide residues in milk 
varies with type of pesticide residues.  Pesticide residues reduction in buffalo milk was in 
range of 3.68 to 20.02 % and in cow milk reduction was in range of 4.52 to 13.48 % 
under pasteurization. Cream separation reduces highest residues of cyfluthrin 8.69 % in 
buffalo cream followed by β-endosulfan, deltamethrin, permethrin, γHCH and lowest 
reduction of fenvalerate (4.65 %) was quantified; in cow cream maximum reduction of  
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cyfluthrin (5.59 %) was calculated followed by deltamethrin, γHCH, β-endosulfan, 
permethrin and minimum residues of fenvalerate 4.19% were quantified. The dissipation 
range for pesticide residues 3.42 to 14.84 % was observed in buffalo cream under cream 
separation and 1.01 to 11.74 % was found in cow cream. γHCH residues (98.93 %) were 
reduced maximum and cyfluthrin residues (93.49 %) dissipated minimum by skimming in 
buffalo milk while in cow milk highest reduction of β-endosulfan residues (98.46 %) and 
lowest reduction of fenvalerate residues (93.93 %) was found. Skimming reduced 
pesticides residues were in range of 90.25 to 96.77 % for buffalo milk and for cow milk 
reduction was in range of 91.0 to 98.51 %. 
Discussion  
Pesticide residues dissipation during processing is due to heat treatment given to 
milk that may convert them into their metabolites.  Milk fortification with pesticides and 
processing can tell us fate of that targeted pesticide residues. The present study was aimed 
to check the behavior of those residues which were found higher than their MRLs in milk 
collected from farms.    
The milk was fortified with pesticides in study-1 of phase II and was subjected to 
processing to check their dissipation behavior. Pesticide fortified milk studies have been 
reported by various researchers. Fernandez-Alvarez et al., (2008) studied samples by GC-
ECD; they purchased samples from supermarket and fortified them at different level.  
Similarly a study was carried out by Anagnostopoulos et al. (2014), they fortified milk 
with cyfluthrin at level of 10 and 100 μg kg-1. Feo et al. (2011) studied the cyfluthrin 
residues in fortified milk at level of 25 μg kg-1 and screened by GC/MS/MS. Hernandes et 
al. (2014) fortified milk with deltamethrin at level of 100, 20, 10 μg kg-1 and quantified 
the residues by GC-μECD.   
Effect of processing on pesticide residues dissipation 
Pasteurization  
It is obvious from the results obtained in the present study that the pesticide 
residues dissipated when the milk was subjected to pasteurization treatment. In pesticide 
fortified milk the pasteurization declined the pesticide residues from 6.01 to 14.84 % in 
buffalo milk. Similarly in cow milk, the decrease in pesticide residues by pasteurization 
varied from 2.98 to 30.67 %. Whereas in farm milk (without pesticide fortification), the 
pasteurization dissipated residues in buffalo milk from 2.12 to 12.26 %. In cow milk, the 
reduction of pesticide residues after pasteurization varied from 2.37 to 13.48 %. 
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Table 4.53: Effect of processing on pesticide residues percent reduction in farm milk 
products 
T
rea
tm
en
t 
Specie 
Pesticide Residues (%) 
Cyfluthrin Deltamethrin Fenvalerate Permethrin 
β-
endosulfan 
γHCH 
P
a
steu
riza
tio
n
 
Buffalo 7.58 
4.87 
 
5.07 
 
5.31 
 
16.11 
 
9.16 
 
Cow 7.64 
5.98 
 
5.01 
 
6.46 
 
11.59 
 
10.49 
 
R
a
n
g
e 
Buffalo 3.68-16.11 3.68-7.81 2.12-6.03 2.96-8.1 12.26-20.02 
7.63-
12.53 
Cow 4.52-13.48 4.52-7.94 2.37-7.60 4.03-8.93 9.84-13.47 
6.18-
12.29 
C
rea
m
 
Buffalo 
8.69 
 
4.65 
 
5.73 
 
5.54 
 
7.14 
 
4.92 
 
Cow 
5.59 
 
4.19 
 
5.27 
 
4.86 
 
5.12 
 
5.22 
R
a
n
g
e 
Buffalo 3.42-14.84 1.171-5.98 1.96-8.22 1.71-8.33 4.82-9.46 
3.61-
6.67 
Cow 1.01-11.74 3.22-5.14 3.51-7.18 3.34-5.67 
3.10-8.30 
 
3.09-
7.13 
S
k
im
m
ed
 
Buffalo 
93.49 
 
95.52 
 
95.46 
 
95.25 
 
96.40 
 
96.78 
 
Cow 
95.00 
 
93.93 
 
97.95 
 
94.45 
 
98.46 
 
96.31 
 
R
a
n
g
e 
Buffalo 
90.25-
96.77 
87.53-99.79 92.71-98.19 93.14-98.63 95.14-99.84 
93.56-
98.93 
Cow 91.0-98.51 87.75-98.47 96.92-98.43 89.32-97.27 93.90-99.84 
93.80-
97.83 
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Heating can increase hydrolysis; volatilization and other chemical degradation of 
pesticides residues eventually reduce the residue levels in food (whereas (hydrolysis) 
heating increase ionization of some water bound to pesticide residues these ions react 
with pesticide residues active ingredient, make some part of it vaporized) (Balinova et al., 
2006 and Stepan et al., 2005). In both type of milk samples either pesticide fortified milk 
or farm milk without pesticide fortification, it was observed that dissipation of pesticide 
residues in cow milk is higher as compared to buffalo milk. Since buffalo milk contain 
high fat content as compared to cow milk, so buffalo fat may give more protection to 
pesticide residues from dissipation during heating. It was observed that the declining of 
pesticide residues was high in pesticide fortified milk as compared to farm milk 
containing animal secreted pesticide residues. Since pesticide residues bio-accumulate in 
animal body and secreted in milk through metabolic pathway. These bio-accumulated 
pesticide residues are secreted in mammary glands of animal during bio synthesis of milk 
and become part of milk naturally. However, when pesticides are added in milk it may be 
adsorbed only in milk and may not have strong affinity with fat, so dissipated readily after 
heat treatment.  The pasteurization only reduced pesticide to some extent. The 
pasteurization cannot be helpful if residual level is double than its MRL. The present 
study results are closely related with study of pesticide residues reduction under heating 
in buffalo‟s milk investigated by Abd-Rabo et al. (1989). They found that pasteurization 
has reduction effect on DDT and DDE. 
The pesticide residues of β-endosulfan reduced to a maximum level since this 
pesticide can change in its isomers during processing. It was observed pesticide residues 
dissipation during processing was different for each pesticide residues under study. The 
variation in reduction of residues of different pesticides during pasteurization observed in 
the present study may be due to differences in their behavior against heating.  Pesticide 
residues in milk can be reduced by heating process and manufacturing process. Their 
reduction depends on the initial concentration of residues in milk and nature of pesticide 
residues (Bajwa and Sandhu, 2014).  
Similar findings have been reported by Jordral et al. (1995); they observed that 
pasteurization at 65 °C for 30 min has reduced pesticide residues by 15.59, 58.80 and 
23.17% of DDE, DDD, and DDT, respectively. Similarly, the residues of diazinon, 
malathion and chlorpyriphos were found dissipated under pasteurization (62.8 °C for 0.5 
h) by 70.54, 51.94 and 44.68% respectively reported by El-Hoshy, (1997).  In another 
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study Abou-Arab, (1999) reported that γHCH was reduced by 65–73% in milk by 
pasteurization. However, in present study HCH was dissipated from 11 to 16%. The 
present study is supported by Madan and Kathpal (2001); they reported that boiling 
reduced 11.54–26.78 % level of HCH isomers. 
Cream 
The results obtained from the present study revealed that the pesticide residues 
reduced to some extent in removed cream when the cream was separated from milk. In 
separated cream pesticide residues declined from 0.97 to 17.73 % and 2.5 to 13.98 % in 
pesticide fortified buffalo and cow farm, respectively. While in case of farm milk, 
pesticide residues dissipated from 1.71 to 14.84 % and 1.01 to 11.74 % in buffalo and 
cow cream, respectively.   
The present results revealed that pesticide residues dissipation in pesticide 
fortified milk (prepared cream) was higher as compared to farm milk (prepared cream). In 
fortification of pesticide residues, milk fat may not store/absorb residues completely so 
when cream was separated less pesticide residues were lost. The present study results are 
in close agreement with findings of Zidan et al. (1994), they studied fate of residues 
during processing of dairy products (cream and butter). HCH, lindane and DDT were 
found dissipated by 0, 5.3 and 0.1% in cream; 20.5, 23.3 and 24.6 % in butter. 
Skim milk  
The results of the present study clearly indicated that the pesticide residues 
reduced maximum when the skim milk was prepared from the milk. The skimming 
reduced pesticide residues from 84.83 to 99.80 %, 87.05 to 98.57 % in buffalo and cow 
skimmed milk, respectively. Similarly, the dissipation of pesticide residues from 87.53 to 
98.93 % and 87.75 to 99.84 % in buffalo and cow milk, respectively was observed.  
 In both type of milk samples (pesticide fortified or farm milk) dissipation of 
pesticide residues by skimming was near to 100 %. Since skim milk contained less than 
0.5% fat and pesticide residues under study (cyfluthrin, deltamethrin, fenvalerate, 
permethrin, β-endosulfan and γHCH) are fat-soluble. When fat was separated in form of 
cream the pesticide residues from milk were also reduced. The study showed variation in 
reduction behavior of different pesticides residues may be due to different chemical 
structure and their solubility in fat. 
The milk fat varies from 3.5 to 8.60 % depending on type of milk and 60 % 
saturated fatty acids are present in milk fat. These saturated fats can increase blood 
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cholesterol level and can block veins by deposition (Livingstone et al., 2014). This can 
leads to heart attack or other cardiovascular diseases (Eskelinen et al., 2008). The full fat 
milk contributes high calories to body on consumption and can lead to weight gain. It is 
recommended to avoid full fat products to maintain a healthy life. Skim milk contains fat 
varied from 0.3 to 0.5 % and is widely consumed round the globe. Besides other benefits, 
it also has fewer chances to carry pesticide residues as concluded in present study.  
The present study is supported by findings of Madan and Kathpal (2001) that 
butter manufacturing increased residues many folds as butter contain maximum content 
of fat and organochlorine are lipophilic, therefore they moved with fat. This study 
revealed that pesticide residues are stored in fat and can be removed by fat removal.  
Storage and pasteurization of cream 
The results of the present study showed that the pesticide residues reduced when 
the cream was pasteurized and stored for 60 days. The pasteurization reduced pesticide 
residues from 0.61 to 2.60 % and 1.23 to 2.27 % in pesticide fortified buffalo and cow 
cream, respectively. In farm milk pasteurization reduced pesticide residues from 0.54 to 
0.83 % and 0.49 to 3.44 % in buffalo and cow cream, respectively. The pasteurization 
dissipated the pesticide residues in cream to limited extent. The variation in dissipation of 
pesticide residues after pasteurization may be due difference in their solubility and 
stability in milk cream. The heating process can affect pesticide residues dissipation in 
cream. Rajashekar et al. (2007) studied pesticide residues level in butter and khoa and 
concluded pesticide residues reduction were maximum under sterilization of milk in 
comparison with pasteurization.  
The storage of pasteurized cream dissipated pesticide residues with storage 
propagation from 0.61 to 3.71 % and 1.23 to 5.97 % in pesticide fortified buffalo and cow 
cream, respectively. Similarly storage dissipated pesticide residues in stored cream from 
0.37 to 2.25 % and 0.49 to 7.14 % of buffalo and cow cream, respectively. Pesticide 
residues reduction in pesticide fortified cream was higher than farm cream. The 
fortification may not make strong bonding of pesticide residues with fat while in farm 
cream as pesticide are coming through series of reactions, from fodder/feed to animal to 
blood to milk. These series reactions/steps may make changes in their chemistry and 
make stronger bonding with fat globule of milk. Pietrino, (1991) studied storage effect of 
refrigeration on the pesticide residues. The present findings are in close agreement with 
finding of Abou-Arab, (1999) who studied that yoghurt manufacturing of spiked milk and 
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refrigeration storage for 3 days caused a gradual loss of HCH levels by 1.4–8.9 %. The 
present study concluded that skim milk is better option even in developing countries like 
Pakistan where indiscriminate use of pesticide polluting food items. 
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CHAPTER 5 
SUMMARY 
Contamination in milk is more critical as compared to other foods as milk is first 
diet given to children before they are able to digest solid food. Children have low 
immunity to combat diseases, so their exposure to pesticide residues is of extreme 
concern. Lactating animals can be exposed to pesticide residues and aflatoxins in several 
ways such as contaminated feed, contaminated water or direct contact with pesticides and 
aflatoxin. Pesticides are bio-accumulated in different organs of animal and also secreted 
in milk. Presence of pesticide residues in milk is apprehension for consumers and 
producers. This study was designed to estimate exposure of population to these 
contaminants by screening the level of pesticide residues and aflatoxins in milk collected 
from different farms close to urban population. Milk was collected from the buffalo and 
cow dairy farms to estimate the effect of milk of different species. Feed was also 
collected from the farms to check level of aflatoxin B1 in feed. To serve this purpose 
pesticide residues and aflatoxins screening was carried out by HPLC and GC. In the first 
phase screening of contaminants was carried out while in second phase of study, effect of 
processing on fortified pesticide residues and animal secreted pesticides in milk was 
analysed. Furthermore, pesticide residues dissipation during storage in cream was also 
studied. The main core of study was to explore level of contaminants in milk and effect of 
processing on pesticide residues. 
Physicochemical analysis of buffalo milk showed that 6.70, 8.20 %, 4.75 %, 5.325 
%, 10.05 % and 17.99 % were found highest values in different farms for pH, fat, protein, 
lactose, solid not fat and total solids respectively; while for cow milk 6.64, 6.10 %, 3.72 %, 
4.38 %, 8.09 % and 14.15 % were found highest values in different farms for pH, fat, 
protein, lactose, solid not fat and total solids respectively. Milk analysed for 
organochlorine pesticide residues showed that small, medium and large farms were found 
contaminated with α-endosulfan, β-endosulfan, endosulfan-sulphate, DDE, γHCH, 
dieldrin and permethrin except DDT. In buffalo milk contamination with α-endosulfan, β-
endosulfan, endosulfan-sulphate, DDE, γHCH and dieldrin and permethrin was in range 
of 17.10 to 37.00, 12.00 to 65.01, 3.01 to 49.0, 2.12 to 6.14, 8.45 to 22.10 and 2.02 to 
4.07 µg Kg
-1
, respectively; while in cow milk pesticide residues were in the range of 
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15.13 to 37.14, 12.10 to 61.04, 7.10 to 36.0, 1.21 to 6.45, 5.08 to 19.12 and 1.08 to 3.42, 
respectively. The pesticide residues of β-endosulfan, γHCH and permethrin exceeded 
their MRLs. Organophosphate residues analysis in milk depicted that all farms were 
found contaminated with analysed residues except methamidophos. Buffalo dairy farms 
were found contaminated with acephate, chlorpyriphos, melathion, monocrotophos, 
profenofos and parathion-methyl at range of 2.01 to 3.31, 1.00 to 10.01, 4.00 to 6.00, 0.21 
to 0.72 and 5.30 to 7.20 µg Kg
-1
, respectively while in cow range of pesticide residues 
were 2.00 to 4.01, 1.04 to 9.02, 1.02 to 18.21, 0.30 to 0.68 and 1.00 to 7.00 µg Kg
-1
, 
respectively. Organophosphate residues in milk were below their MRLs in all dairy 
farms. Pyrethroid residues were found in small, medium and large dairy farms. Cyfluthrin 
was in range between 12.41 to 64.52 µg Kg
-1
 in buffalo farms while in cow dairy farms it 
varied from 2.00 to 28.02 µg Kg
-1
. In buffalo dairy farms bifenthrin residues was in range 
of 1.12 to 14.24 µg Kg
-1
 while in cow dairy farms bifenthrin was in range of 1.41 to12.02 
µg Kg
-1
. In buffalo farms fenvalerate residues was in range of 4.20 to 50.01 µg Kg
-1
 while 
in cow farms fenvalerate was in range of 2.11 to 54.20 µg Kg
-1
. Cypermethrin residues 
were in range of 1.00 to 7.05 µg Kg
-1
 while in cow farms cypermethrin residues were in 
range of 1.00 to 4.35 µg Kg
-1
. In buffalo dairy farms deltamethrin was in range of 7.24 to 
60.11 µg Kg
-1
 while in cow farms deltamethrin was in range of 3.14 to 45.03 µg Kg
-1
. 
Permethrin residues were in range of 53.12 to 72.12 in buffalo dairy farms and in cow 
farms ranged from 31.00 to 46.04 µg Kg
-1
. Cyfluthrin, deltamethrin, fenvalerate and 
permethrin residues were exceeded in 9, 8, 9 and 17 milk samples of buffalo dairy farms 
while cyfluthrin and fenvalerate residues exceeded in 7 and 9 milk samples of cow farm. 
New chemistry pesticides acetamiprid and imidacloprid residues were in range of 2.00 to 
8.01, 10.01 to 40.20 µg Kg
-1
, respectively in buffalo milk while in cow milk range was 
between 1.00 to 5.10, 13.01 to 26.01 µg Kg
-1
, respectively. Milk samples of buffalo and 
cow dairy farms were below the MRL. In feed samples maximum contamination in feed 
sample 10 (32.334 µg Kg
-1
) obtained from medium buffalo farm 6. The minimum 
contamination of AFB1 was found in feed sample 2 (4.350 µg Kg
-1
) of medium buffalo 
farm 5. While in cow farm feed sample 8 of small farm 2 (32.554 µg Kg
-1
) showed maxim 
contamination of AFB1 and feed sample 14 of large farm 10 showed minimum (4.003µg 
Kg
-1
) AFB1 contamination.  
Milk samples of dairy farms were found 100% contaminated with AFM1 and out 
of 50 buffalo milk samples, 34 milk samples exceeded the maximum allowed limit (0.05 
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µg L
-1
) while 24 milk sample in cow dairy farm were exceeded the maximum allowed 
limit (0.05 µg L
-1
). In small, medium and large farm dairy farms AFM1 contamination 
was in range of 0.0324 to 0.0108, 0.0354 to 0.01148 and 0.0415 to 0.011 µg L
-1
, 
respectively in buffalo farms while in cow farms range was 0.0241 to 0.1388, 0.0388 to 
0.0864 and 0.0394 to 0.0746 µg L
-1
, respectively.  
In 2
nd
 phase effect of processing on dissipation of pesticide residues of pesticide 
fortified milk and naturally pesticide contaminated milk was evaluated. It was noted 
reduction behavior of pesticide in pesticide fortified milk and milk with pesticide coming 
from the animal was different. Pesticides secreted in milk form animal body become part 
of milk after series of step which may have altered its chemical structure, thus residues in 
it behave differently from pesticide fortified milk.  Reduction behavior of pesticides 
during processing in pesticide fortified milk and milk without fortification was analysed. 
Firstly reduction pattern was observed in pesticide fortified milk. Residues of β-
endosulfan were dissipated maximum by pasteurization in pesticide fortified buffalo 
(28.59 %) and cow (23.26 %) milk while fenvalerate was reduced minimum in buffalo 
(7.79 %) and cow (6.42 %) pesticide fortified milk. The dissipation range of pesticide 
residues in milk varies with pesticide residues. Pesticide residues reduction in fortified 
buffalo milk was in range of 6.01 to 34.56 % and in fortified cow milk reduction was in 
range of 2.98 to 30.67 % after pasteurization. Cream separation reduces highest 
residues of β-endosulfan 8.24 % in buffalo cream followed by deltamethrin, permethrin, 
cyfluthrin, γHCH and lowest reduction of fenvalerate (2.62 %) was quantified; in cow 
cream maximum reduction of  β-endosulfan (7.17 %) was calculated followed by 
deltamethrin, permethrin, cyfluthrin, γHCH and minimum residues of fenvalerate 4.35 % 
were quantified. The dissipation range for pesticide residues 0.97 to 17.73 % was 
observed in buffalo cream under cream separation and 2.38 to 10.02 % was found in 
fortified cow cream. Deltamethrin residues (98.22 %) were reduced maximum and 
fenvalerate residues (94.64 %) dissipated minimum by skimming in fortified buffalo milk 
while in cow milk highest reduction of cyfluthrin residues (96.92 %) and lowest reduction 
of fenvalerate residues (92.85 %) was found. Skimming reduced pesticides residues in 
range of 84.83 to 97.80 % for buffalo milk and for cow milk reduction was in range of 
87.05 to 98.57 %. 
In farm milk reduction of pesticide residues was also studied and noted that 
residues of β-endosulfan were dissipated maximum by pasteurization in buffalo (16.11 
%) and cow (11.59 %) milk while fenvalerate was reduced minimum in buffalo (4.87 %) 
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and deltamethrin (5.01 %) in cow milk. The dissipation range of pesticide residues in 
milk varies with type of pesticide residues. Pesticide residues reduction in buffalo milk 
was in range of 3.68 to 16.11 % and in cow milk reduction was in range of 4.52 to 13.48 
% under pasteurization. Cream separation reduces highest residues of cyfluthrin 8.69 % in 
buffalo cream followed by β-endosulfan, deltamethrin, permethrin, γHCH and lowest 
reduction of fenvalerate (4.65 %) was quantified; in cow cream maximum reduction of  
cyfluthrin (5.59 %) was calculated followed by deltamethrin, γHCH, β-endosulfan, 
permethrin and minimum residues of fenvalerate 4.19 % were quantified. The dissipation 
range for pesticide residues 1.71 to 14.84 % was observed in buffalo cream under cream 
separation and 1.01 to 11.74 % was found in cow cream. Skimming reduced pesticides 
residues were in range of 90.25 to 98.33 % for buffalo milk and for cow milk reduction 
was in range of 91.0 to 98.51 %. 
Effect of storage on pesticide residues in pasteurized cream was studied, buffalo 
cream analysis during storage showed that progression with storage reduced residues of 
cyfluthrin, deltamethrin, fenvalerate, permethrin, β-endosulfan and γHCH from 18.70 to 
18.10, 48.70 to 47.90, 17.50 to 16.80, 46.50 to 45.80, 44.60 to 43.70 and 39.10 to 38.10 
µg Kg
-1
, respectively during 60 days storage. Pesticide fortified cow cream reduction was 
also observed during storage of pasteurized cream dissipated the residues; cyfluthrin, 
deltamethrin, fenvalerate, permethrin, β-endosulfan and γHCH were reduced from 18.40 
to 17.30, 47.90 to 47.40, 17.20 to 15.9, 46.50 to 45.40, 44.50 to 43.80 and 37.00 to 36.40 
µg Kg
-1
, respectively. It was studied that storage progression reduced residues in buffalo 
cream, it showed that cyfluthrin, deltamethrin, fenvalerate, permethrin, β-endosulfan and 
γHCH was varied from 17.10 to 16.80, 55.10 to 54.60, 59.00 to 58.40, 52.80 to 52.20, 
35.50 to 34.70 and 36.20 to 35.80 µg Kg
-1
 respectively during 60 days storage likewise 
same trend of reduction was observed in cow cream during storage, the study showed that 
cyfluthrin, deltamethrin, fenvalerate, permethrin, β-endosulfan and γHCH were lost from 
6.30 to 5.90, 12.50 to 12.20, 5.60 to 5.20, 52.50 to 51.30, 59.90 to 59.00 and 50.70 to 
50.20 µg Kg
-1
, respectively.  
This study summarize that buffalo milk carries more residues of cyfluthrin, 
deltamethrin, fenvalerate, permethrin, β-endosulfan and γHCH as compared to cow milk 
due to higher fat content. The possible factor for this difference was feed used in farms as 
dietary intake has definite impact on pesticide residues in milk. The physiological 
properties of pesticide residues and their lipholicity was another factor. AFM1 was 
observed higher in farms milk having high level of AFB1 in feed. The results from 
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present study were stated as helpful for the execution regarding regulating restriction for 
aflatoxin B1 so that to reduce or evade the AFM1 in whole milk as well as in the dairy 
products in Pakistan. Skim milk contain minimum pesticide residues as pesticide residues 
under study in 2
nd
 phase were lipophilic and were removed maximum with cream.  
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CONCLUSIONS 
 Contaminated feed is direct exposure of aflatoxins to animal, and finally are 
secreted in milk. 
 Cow milk carries less pesticide residues as compared to buffalo milk.  
 Fat has positive correlation with pesticide residues of organochlorine and 
pyrethroid. 
 Organochlorine and pyrethroid pesticides are major concern in milk due to their 
persistent nature.  
 Skimming dissipates more than 90% of pesticide residues in milk. 
 Pasteurization reduces pesticide residues to some extent. 
 Storage has non-significant effect on dissipation of pesticide residues in cream.  
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RECOMMENDATIONS 
 Government should establish rules and regulation regarding the use of 
pesticide. 
 Governing bodies should provide proper guidelines to farmers for 
fodder/silage/feed storage to avoid fungus growth. 
 There is need to establish food safety laboratories across Pakistan under 
national food security, so that screening of milk/food products the across can 
be done. 
 Milk samples from market should be monitored on regular basis to make sure 
it is safe for drinking. 
 Reduction of AFB1 in buffalo/cow feed is the best way to control the level of 
AFM1 in milk. 
 Fungus attack on feedstuffs and long standing storage of commodities should 
be discouraged. 
 Stay time should be given to fodder after pesticide spray. 
 Milk should be pasteurized before drinking as pasteurization has dissipation 
effect on pesticide residues level to some extent. 
 Skim milk should be used preferably as it contain less pesticide residues 
 A comprehensive survey for screening of pesticide residues and aflatoxin level 
in milk and milk products should be carried out across Pakistan. 
 The farm owners should be educated regarding toxic health effects of pesticide 
residues and aflatoxin on regular basis. 
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Summary: Milk contamination with aflatoxin (AFM1) is an issue of great concern in developing 
countries like Pakistan which demands a great attention. Milk constitutes an important part of human 
diet, particularly for the youngs. So, it is our utmost need to assess the presence of AFM1 in milk. In 
the present study assessment of AFM1 in milk collected from different dairy farms of Faisalabad 
was carried out using High Performance Liquid Chromatography (HPLC) equipped with 
Fluorescence detector. The results were compared with pre-established maximum residual limit 
(MRL) in order to evaluate the safety of milk for human consumption. The study revealed that all the 
50 tested samples were found positive for AFM1 contamination at various levels. Among buffalo 
dairy farms concentration of AFM1 ranged between 0.0513 µg L-1 and 0.1006 µg L-1.  From the cow 
dairy farms, the AFM1 contamination level was found lowest with a mean of 0.0397 µg L-1 and the 
highest AFM1 contamination level was with a mean of 0.1143 µg L-1. Overall percentage of AFM1 
contamination and concentration levels were found higher in the milk collected from buffalo dairy 
farms as compared to cow dairy farms. 21 out of 25 (84%) buffalo and 18 out of 25 (72%) cow milk 
samples were exceeded the European Commission MRL of 0.050 µg L-1. The results of the present 
study will be helpful for regulations implementation in order to minimize or avoid the AFM1 
contamination in milk from the farms in the study area. 
 
Keywords: aflatoxin M1, HPLC, buffalo milk, cow milk 
Introduction 
 
Since recorded history milk has been an 
important part of human diet. It is a balanced diet, 
being produced by nature, which provides essential 
nutrients required by the human [1]. In Pakistan, 
about 55 million people of the country have a direct 
or indirect link with livestock in order to meet their 
basic necessities. As a result of this dependence 
Pakistan is enjoying fourth position among milk 
producing countries of the world after India, China 
and USA [2, 3]. The current gross milk production 
from five major milk animals is 49.512 million tons 
[4]. Above all, Pakistan dairy sector is facing some 
problems including a lack of financial support, 
unawareness of dairy related education and 
insufficient infrastructure/facilities.  However, the 
prominent problem and the most ignored part of 
entire system are the lack of check on quality and 
contamination of milk with natural toxic compounds 
particularly with aflatoxin M1 [5]. Hence, it bears the 
paramount potential for leading AFM1 to the human 
diet. As milk consumption is reasonably high by 
human race, principally among children, therefore 
AFM1 is a constant threat for consumer‟s health 
around the globe [6]. 
 
Aflatoxins are toxic metabolites of particular 
group of mycotoxins. AFM1 is produced by 
Aspergillus flavus, Aspergillus parasiticus and 
Aspergillus nomius [3]. The most toxic aflatoxin is 
FB1 which serves as the biosynthetic precursor of 
AFM1 (hydroxylated metabolite of B1) and about 
0.3-6.2% of AFB1 in animal feed is transformed into 
AFM1 in milk which can be assessed in milk of 
lactating animals Fig.1 [7, 8, 9]. AFM1 is 
hepatotoxic, carcinogenic and immunosuppressive 
fungal metabolite and responsible for harmful effects 
on animals and human health that outcome in the 
form of ailments and economic cost [10]. This has 
pulled the international apprehension over the milk 
contamination with AFM1[11]. 
 
 
 
Aflatoxin B1 (C17H12O6) Aflatoxin M1 (C17H12O7) 
 
Fig. 1: Structures of aflatoxins. 
 
International Agency for Research on 
Cancer, on the basis of proved toxic and carcinogenic 
effects of AFM1, has moved AFM1 from Group 2 to 
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Farm Name………………………………………………………………………………… 
Location………………………………………………………………………………… 
Owner………………………………………………………………………………………… 
Farm Area……………………………………………………………………………………… 
Total Animal………………………………………………………………………………. 
Types of Animal……………………………………………………………………………… 
Type of Forage…………………………………………………………………………… 
Type of farm (on basis of herd size)…………Small…………Medium …………Large…….. 
No. calves……………………………………………………………………………………. 
Total cultivated area under farm…………………………………………………………… 
Crop rotation on farm land…………………………………………………………………… 
No. of Workers……………………………………………………………………………… 
Farm Condition………………………………………………………………………… 
Milk collection time………………………………………………………………………… 
Volume of milk sample……………………………………………………………………… 
Weight of Feed Sample………………………………………………………… 
Remarks………………………………………………………………………………………
…………………………………………………………………………………………………
…………………………………………………………………………………………………
…………………………………………………………………………………………………
…………………………………………………………………………………………………
…………………………………………………………………………………………………
…………………………………………………………………………………………………
…………………………………………………………………………………………………
…………………………………………………………………………………………………
…………………………………………………………………………………………………
…………………………………………………………………………………………………
………………………………………………… 
Signature of Sample Collector     Signature of Owner  
